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* Under development ** Preliminary . HM6116LP  LFP Series: 10uW 
t The package codes . CG, G, P. FP and SP are applied to the pac kage matertals as follows. 


CG : Glass-sealed Caramic Leadless Chip Carrier, G : Cerdip, P: Plastic DIP. 
FP : Flat Plastic Package (SOP), SP: Skinny Type Plastic DIP 
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* Under development «+ Preliminary 
¢ The packade codes of G, P and FP are 
G: Cerdip, P: Plastic DIP. 
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t The package codes of F.G and CC are applied to the packge materials as follows. 


F : Flat Package. G : Cerdip, CC : Ceramic Leadless Chip Carrier 
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Mi PACKAGE INFORMATION (Dimensions in mm) 


@ Dual-in-line Plastic 


© DP-16 @ DP-16A 


x 
‘ x ' + 
U5 1min= - 0.5 1mn-— a | = 
re eeceakis 2.54min pe Oe 2.54min 
ee abe, 
W~ 4 at ae o~ 15 SF V0.20~0.38 
@ DP-18 @ DP-20 6.3 


O48 +01 


2.54+0.25 


25.0( Including End Flash) 


omnmnr A Ww & Ww HY 


5.08max 2.54mun 


0.20 ~0.38 
1S Sf * 1 0.20~0.36 


© DP-22A 


12 


0.48 + 0.10 


32.0{ Including End Flash} 


HIMIN, 
5.08max = 


SEATING PLANE, 


@ DP-24A ®@ DP-28 


36.0( Including End Flash? 
1.2 


HEHEHEHSHEHEH EH 


} 


"a 
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—- 


0.5imin 


5.8max 


0.20 ~ 0.38 
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Applicable ICs 


DP-16 HM4864P-2, HM4864P-3, HM4864AP-12, HM4864AP-15, HM4864AP-20 

DP-16A | HM50256P-12, HM50256P-15, HM50256P-20, HM50257P-12, HM50257P-15, HM50257P-20 

DP-18 HM6148HP-35, HM6148HP-45, HM6148HP-55, HM6148HLP-35, HM6148HLP-45, HM6148HLP-55, HM6147HP-35, 
HM6147HP-45,HM6147HP-55,HM6147HLP-35, HM6147HLP-45,HM6147HLP-55, HM48416A P-12, HM48416A P-15,HM48416A P-20 
HM6168HP-45, HM6168HP-55, HM6168HP-70, HM6168HLP-45, HM6168HLP-55, HM6168HLP-70, HM6167P, 

DP-20 HM6167P-6, HM6167P-8, HM6167LP, HM6167LP-6, HM6167LP-8, HM6167HP-45, HM6167HP-55, HM6167HLP-45, 
HM6167HLP-55, HM6267P-35, HM6267P-45 

DP-22A | HM6287P-55, HM6287P-70, HM6287LP-55, HM6287LP-70 
HM6116P-2, HM6116P-3, HM6116P-4, HM6116LP-2, HM6116LP-3, HM6116LP-4, HM6116AP-12, HM6116AP-15, 

DP-24 HM6116AP-20, HM6116ALP-12’ HM6116ALP-15, HM6116ALP-20, HM6117P-3, HM6117P-4, HM6117LP-3, HM6117LP-4, 
HN61365P, HN61366P 

DP-24A | HM6116ASP-12, HM6116ASP-15, HM6116ASP-20, HM6116ALSP-12, HM6116ALSP-15, HM6116ALSP-20 
HM6264P-10, HM6264P-12, HM6264P-15, HM6264LP-10, HM6264LP-12, HM6264LP-15, HM65256P-15, HM65256P-20, 

DP-28 HN61364P, HN61364HP, HN613128P, HN613128HP, HN61256P, HN613256P, HN613256HP, HN62301P, HN482764P-3, 
HN4827128P-30, HN58064P-25, HN58064P-30, HN58064P-45 

@ CERDIP 


5.06max 2.8min 
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0.5min 
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(to be continued) 


© HITACHI 


13 


Package Information ———--—$£_--+$JATAT 


§.08max 2.54mi: 


s 


1+ 25 od eet 


a) 


det] 


OAR+0.1 


fm 4 28mn © DG-24B 
1a" 


0.4840.) 


ws 
“ 
+1 
a ol 
we 
Tai 
os 
+! 
oc 
s, 


© DG-28A 


2 80min G.o0min 


3.30max 


my 207 NA ae 


we~ 5° 


g~is fl 0.20~0.36 


Applicable ICs 


DG-16 HM10414, HM10414-1, HD2912 
HM2110, HM2110-1, HM2112, HM2112-1, HM100415, HM2510, HM2510-1, HM2510-2, HM2511, HM2511-1, HD2916, 


DG-16A | tin9923 i 
DG.16p | HM4864-2, HM4864.3, HM4864A.12, HM4864A.15, HM4864.20, HM50256-12, HM50256-15, HM50256-20, HM50257-12. 
HM50257-15, HM50257-20 
HM6148H-35, HM6148H-45, HM6148H-55, HM6147H-35, HM6147H-45, HM6147H-55, HM10470, HM10470-1, HM10470-15, 
DG-18 
HM100470 
bG.20 | HM6168H-45, HM6168H-55, HM6168H.70, HM6167, HM6167-6, HM6167-8, HM6167H-45, HM6167H-55. HM2142, 


HM10480, HM10480-15, HM10480-20, HM100480, HM100480-15, HM100480-20 
DG-24 HM6116-2, HM6116-3, HM6116-4, HM6116L-2, HM6116-3. HM6116L-4 


HM10422, HM10422-7, HM10474, HM10474-8, HM10474-10, HM10474-15, HM100422. HM100474, 
HM100474-15 


DG-24B | HN482732AG-20, HN482732AG-25, HN482732AG-30 


DG-28 HN482764G, HN482764G-2, HN482764G-3, HN27C64G-15, HN27C64G-20, HN27C64G-25, HN27C64G-30, HN482718G-25, 
HN4827128G-30, HN4827128G-45, HN27256G-25, HN27256G-30 


DG-28A | HM10484-15, HM10484-20, HM100484-15, HM100484- 20 


DG-24A 
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@Applicable ICs 


HM6116FP-2, HM6116FP-3, HM6116FP-4, 

FP-24 HM6116LFP-2, HM6116LFP-3, HM6116LFP-4, 
HM6117FP-3, HM6117FP-4, HM6117LFP-3, 
HM6117LFP-4 


FP-54 HN61364FP, HN613128FP, HN61256FP, 
HN613256FP 


FG-20 | HM10480F, HM100480F 


HM100422F, HM100474F : 
FG-24 : ; 
HM100474F-15 


2 Shine « 
ros 


@ HITACHI 15 


Package Information 


@ Leadless Chip Carrier 


@ CC-24 


® CG-20 


_ L0.80E 0.381. 


37+ U.381_ 


é 


3-RO 


2,2max 


peat 


(064g ber) Cos 


® CG-32 


16 


10 1 


© CG-18 


10,804 0.381) _, 


37 2 U,381 


ft 


® CG-22 


12.45+0.3 


7.37 + 0.3 


®@ Applicable ICs 


CC-24 | HM100415CC, HM100422CC 


HM4864ACG-12, HM4864ACG-15 
HM4864ACG-20 


CG-20 | HM6167HCG-45, HM6167HCG-55 
CG-22 | HM6287CG-55, HM6287CG-70 


HM6116CG-2, HM6116CG-55 
HM6116CG-4 


CG-18 


CG-32 
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M RELIABILITY OF HITACHI IC MEMORIES 


1. STRUCTURE 

IC memories are structurally classified into bipolar 
type and MOS type. The former has a characteristic 
of an extremely high speed. But it is a comparative- 
ly small capacity and on the other hand, the latter 
features a large capacity. These IC memories are 
utilized by effectively taking the most of their 
respective characteristics. 

Flows from designing, manufacturing and up to 
inspection for both Bipolar and MOS type IC 
memories are established under a unified concept, 
design and inspection standards. Therefore stable 
results concerning their reliability have been ob- 
tained with these IC memories, regardless of differ- 
ences in the circuit design, pattern, layout, degree of 


@ Table 1 Examples of Basic Cell Circuit of IC Memories 


‘ Bipolar memor 
Classification eee AM). map PROM) 
Buffer memory, 
control memory 
of high-speed 
computer 


Microcomputer 


Application control use 


Example of 
basic cell 
circuit 


IC memory chips produced in the latest technolo- 
gies are sealed in different packages. Ceramic pack- 
age, Cerdip (glass-sealed type) and Plastic package 
are the current major IC packages. Also such 
packages as LCC (Leadless Chip Carrier) for high 
package density and SO (Small Outline) package are 
now under development. 


@ Table 2 Examples of IC Memory Package Outlines 
® Cerdip 
® 16 pin 


®@ 18 Pin 


@ 20 Pin 


integration, etc. 

From its characteristics, the memory LSI is inte- 
grated in high density by unit patterns called ‘‘cell’’ 
and it is not exaggeration to say that they are 
Produced in the most advanced semiconductor 
manufacturing technologies. To get the high reliabil- 
ity of such a memory which has been subjected to 
rapid technological advances, know-hows based on 
Past experience from the design stage of a cell are 
incorporated. Farther to evaluated reliability of 
each respective technology applied. Reliability eval- 
uation using TEG (Test Element Group), etc. is 
carried out. Examples of cell circuits of the Bipolar 
memory and MOS memory are shown in Table |. 


NMOS memory oe ele NMOS memory 
(Dynamic RAM) Static RAM (PROM) 


For 
microcomputer 
control 


Main memory of computer, 
microcomputer memory 


Ceramic and Cerdip versions, with their hermetically 
sealed structure, are suitable to the equipment 
requiring high reliability. Plastic version, the leading 
semiconductor package, is applied to various kinds 
of equipment. Hitachi Plastic package has been 
improved to the close reliability level as the hermeti- 
cally sealed devices. Table 2 shows examples of IC 
memory package outlines. 


@ 24 Pin 
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@ 24 Pin with Lid @ 28 Pin with Lid 


= Plastic DIP 
® 16 Pin @ 18 Pin @ 20 Pin @ 24 Pin 


@ 28 Pin 


= Leadless Chip Carrier 
@ 18 Pin @ 20 Pin @ 32 Pin 


# SOP 
@ 24 Pin 
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2. RELIABILITY DATA Results of reliability tests are listed below. 


2-1 Reliability test data on Bipolar memories 

The reliability test data on the Bipolar memories are 
shown in Tables 3 and 4. Since they are manufac- 
tured under the aforementioned standardized design 


rules and quality control, there is no difference in 
reliability among various types. In addition, it can 
be said that the greater the capacity, the higher the 
reliability per bit. 


© Table 3 Results on Bipolar Memory Reliability Tests (1) 


| ——HM10470Cerdip | ——HM10470Cerdip 


HM100422 (Chip Carrier) 


Test item Test condition Total Total 
Samples | component | Failures | tae | sompes | tae | sompes Be a Failures er 
hours 
Ty = 125°C .H. I/hr 
VER =-5.2V ; 2.3x10~° 
- (HM10470) 
igh- a re) 
temperature Tq = 150°C 
(Operating) | Vee =-S.2V 
(HM10470) 2.7x10° 4x104 2.3x10°5 
Voc = -5.0V 
(HM100422) 
High- Ty = 200°C 2.7x10* 4x10% 2.3x1075 
temperature 
storage Ty = 295°C 2.0x104 | 20x108 | 0 | 4.6x10-5 4x10° 2.3x107§ 


* Estimated failure rate with confidence level 60%. 


@ Table 4 Result on Bipolar Memory Reliability Tests (2) 


Test item Test condition 


Temperature cycling 
Soldering heat 


Thermal shock 0°C ~ +100°C, 10 cycles 


-65°C ~ +150°C, 10 cycles 
260°C, 10 seconds 


HM10470 (Cerdip) | HM100422 (Chip carrier) 


Samples Failures 
20 


0 


1500G, 0.5ms, 
Three times each for X, Y and Z 


Mechanical shock 


100 ~ 2000Hz, 20G 
Three times each for X, Y and Z 


Variable frequency 


Constant-acceleration 


2-2 Reliability test data on MOS memories 

The reliability test data on the MOS memories are 
shown in Tables 5, 6 and 7. In these tables, data are 
shown on representative types of HM50256 (256K 


® Table 5 Results on MOS Memory Reliability Test (1) 


20000G, 1 minute, each for X, Y and Z 


[Fares 
0 
0 
0 
0 


DRAM), HM4864AP (64K DRAM), HM6264P 
(64K SRAM), HM6116P/FP (16K SRAM), 
HN4827128 (128K EPROM) and leadless chip 
carrier device of 64K DRAM, 4K/16K SRAM. 


HMS0256 (Ceramic) 


HN4827128G (Cerdip) 


, Test Total ‘ : Total ‘ Remarks 
Hestatem Condition ae component el a component a 
P hours ne hours rely 
Tg = 125°C 
Voc =5.5V =e _ 
oye = 3us 
ee T= 150°C 
perature | 1, =8V/7V 7 Oxide 
dynamic CC™ 4 failure x7 
operation leye = IHS 
T, = 125°C ; 
Oxide 
Veco=8V/7V | 2920 2 failure x 2 
leye = 3us 


* Estimated failure rate with confidence level 60%. 
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® Table 6 Results on MOS Memory Reliability Tests (2) 


HM4864 AP (Plastic) 


HM6264P (Plastic) 


: Test Total . 
Test item Sendition component Fail- 
ures 
hours 


Remarks 


Total 
component 
hours 


Failure 
rate* 


Failure 
rate* 


= 150°C I/hr 
High- Poo = TV 1.73x105 | 0 | 13x10 | — 
temperature | feye = 3HS 7 
dynamic Tg = 125°C Isolation 
operation Voc =7V 1.73x105 0 1.3x10°° | 774 ‘failure x 1 
teyc = 3uS Defective 
: crystal x 1 
High-temper-| 7) = 85°C 
ature and =| RH = 85% 1.77x105 | 0 | 5.2x10-* | 304 
high-humi- Var =55V 
dity bias ce 
Pressure Tq = 121'C 5 
BAC RH = 85% 0 8.4x107 55 


storage 


* Estimated failure rate with confidence level 60%. 


® Table 7 Results on MOS Memory Reliability Tests (3) 


HMS0256 | EPROM | yM6116P | HM6116FP LCC 
Test ite Test (cerdip) (Cerdip) ee 
condition Sam- | Fail- | Sam- | Fail- Fail- Sam- | Fail- 
os ures ures ures ples ures 
Temperature | -55°C~+150°C 
Temperature | -55 C~+150°C ; 
cycling 1000 cycles ry 100 90 oF | 445 500 cycles 
Thermal -65°C~+150°C 
shock 15 cycles 4S 38 498 


Soldering 260°C 
heat 


alet ale 


oO 
bv 


Mechanical 1500G 

oe oe 

Variable 20Hz~ 2000Hz a 0 82 

frequency 20G 

Constant- o* = _ 2 = 82 *6000G 
acceleration 


2.3 Change of electrical characteristics under endur- 
ance test for |C memories 

The degradation of IcgRo of the cell transistor, 

degradation of hfe, etc., can be considered as main 

factors in the internal elements for reliability of 

Bipolar memories. In actual element designing, 


Fig. 1 Example of Change in Bipolar Memory Characteristics 


Example 


Results: 


Access time (ta 4) is stabilized and is within the failure 
criteria. 


Device name 
Test condition 
Failure criteria 


Failure mechanism 


however, it has been designed to operate in the 
range at which these degradations do not happen. 
Therefore changes of electrical characteristics in- 
cluding access time are not observed. 

Time dependence in access time for HM10470 is 
shown in Fig. 1. 


Example of time change in access time for Bipolar memory 


Maximum 
Average 


Measuring Condition 
Minimum 


Marching Pattern 


ies 
0) 500 1,000 2,000 
Time (hr) 
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VtH is a basic parameter in the MOS memories, 
however, it has been confirmed there is not any 
shift in Vt for practical usage because we have 
applied surface stabilizing technique, clean process, 
etc. 

In case of dynamic RAM which needs refresh cycle, 
refresh time is also stabilized owing to the above- 
mentioned process. Time dependence of Vcc min 
and trer Characteristics for the 64K DRAM are 
shown in Fig. 2 and 3. 


150 


N=50pcs 


100 


(ms) 


LREF 


0 500 1,000 


HM4864-3 Measuring Ta=70°C 
Conditions Vcec=4.5V 
Disturb Pattern 
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HM4804-3 N= 50pes 


Specification 


Vec min (V) 


DOr HW Fe OD AY 


Measuring Conditions 
- Ta=25C 

* tRac = 200ns 

* Marching Pattern 


500 1,000. 1,500 2,000 
Time (hrs) 


Fig.2 Vcc min time dependence in dynamic operation 
test at 125°C 


Specification 
2ms 


LLLLLLE/ 


1,500 2,000 


Time (hrs) 


Fig. 3 Time dependence in refresh time (taefF) in dynamic operation test at 125°C 


2.4 Classification of failure modes 

Examples of failures happened in the field are 
shown in Fig. 4 and 5. Since memory LSIs generally 
require the most fine processing in semiconductor 
manufacturing technology, the percentage of fail- 
ures resulting from pinholes, photoresist defects, 
foreign materials, etc., is tending to increase. To 
eliminate the latent defects which are generated in 
these manufacturing processes, we are constantly 


Pinholes 


reappearing 
Failures 
25% 


Defective [nselatvon 
Layer Due to Foreign 
Materials 9% 


Statistics 
for 1979-1982 
20~60FIT 


Destruction 


30% 


Defective Photo- 

lithography 3% 

Defective Metalization 3% 

Fig. 4 Classification of Failure Modes of Bipolar Memory 
in the field 


improving these processes, and performing burn-in 
screening under high temperature for all memories. 
In addition, since the analysis of failures in the field 
can result in important feedback to improve their 
design and manufacturing, we are always exerting 
our efforts to collect customer process data and 
field data with the aim of further establishing their 
high reliability. 


Statistics 


for 1979-: 1982 
3 ~ 200FIT 


Defective 
Photo- 
lithography 


11% 


Destruction 


40% 


Marginal 
Failures 


Fig. 5 Classification of Failure Modes of MOS Memory 
in the field 
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3. SOFT ERROR 

3.1 Soft Error Mechanism 

As mentioned before, IC memories have been 
increasingly miniaturized. Miniaturization, which 
means reduction of the horizontal plane dimensions 
as well as the vertical dimensions, causes signal level 
on the chip and storage charge of dynamic memories 
to be also decreased. An obstacle lying before 
miniaturization is soft error. Soft errors can be 
characterized as ‘‘transitory failures in which normal 
memory operation can be recovered by reprogram- 
ming information.” Soft errors are caused by 
a-particles emitted from U and T,, contained in the 
packaging materials. As memory chips are exposed 
to a-particles, a great deal of electron-hole pairs 
are induced in Si substrate. These induced electrons 
cause memory information reversion. Fig. 6 shows 
the mechanism of information reversion in NMOS 
dynamic memory by a-particles. In case of NMOS 
dynamic memory, negative voltage is applied to the 
Si substrate. Therefore, positive holes are drawn by 
substrate, and only electrons cause information 
reversion (from information ‘’1" to ‘‘0’’) of memory 


Polysilicon Gate 


Silicon Substrate | 


Information Storage Area 


'e being absent )\ 


cell. Fig. 6 shows misoperation seen in memory cell. 
Such a failure mode, which is defined as ‘‘Memory 
cell mode of soft errors,” is distinguished from ‘‘Bit 
line mode.” “Bit line mode”’ of soft errors is shown 
in Fig. 7. As information in memory cell is read out 
on bit line, bit line potential changes depending on 
memory cell information. The changing value is very 
small (several 100 mV), and compared with stand- 
ard potential (potential read out from dummy cell), 
it is amplified by sense amplifier. If bit line is 
exposed to a-particles during the very short period 
between read-out from memory cell and amplifica- 
tion by sense amplifier, bit line potential decreases. 
And as it becomes less than standard potential, 
misoperation from information “0” to ‘‘1”’ will take 
place. On the other hand, with decrease of standard 
potential, misoperation from information “1” to 
“OQ” is seen. Both are called ‘Bit line mode” because 
errors appear at irradiation of a@-particles. Soft error 
dependence on cycle time is shown in Fig. 8. 


(a) Memory information at ‘1’"  (b) Incident a-particle generate a  (c) Inversion of memory informa- 


(Electrons are absent) 
(1 Transistor type memory cell) 


large quantity of electron-hole 
pairs. Generated electrons enter 


tion from ‘1’ (electrons ‘‘ab- 
sent’') to ‘0’ (electrons ‘‘filled’’) 


the information storage area and 
holes are drawn to the substrate 


power supply. 


Fig. 6 Misoperation in Memory Cell 
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Bit Line Potential! 
Information 


Reference Level 


| Information “q" 


——$__—_—» 


Amplified 


Pre- Inforamtion 
charge Read Cycle 


v 
(b) 
from a | ve to ie 0 as 


(a) 


Read out memory information 
into bit line 


Inversion of information 


(fall of ‘1’ potential) 
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(c) Inversion of information 
from "0" to "4q or 


(fall of standard potential) 


Fig. 7 Misoperation on Bit Line 


Cell Mode 


Bit Line Mode 


Soft Error Rate (Relative Figure) 


| 10 102 103 


Cycle Time (Relative Figure) 


Fig. 8 Soft Error Rate’s Dependence on Cycle Time 


Actual products will have three types of failure 
modes, that is, cell mode, bit line mode and mixture 
of both modes. Soft error mechanism of static MOS 
memories and of bipolar memories are different 
from the above-mentioned mechanism in dynamic 
MOS memories. 

In case of static memory, certain level of current 
always flows through the cell in order to retain the 
data in flip-flop circuit. When partial current in- 
duced by a-particles exceeds the retention current, 
Misoperation occurs because of reversion of flip-flop 
circuit. 
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3.2 Examples of soft error preventive measures in 
products 

At the initial stage of the 64K DRAM development, 

its soft error rate was estimated from accelerated 

irradiation test data to be higher than the expected 

design value. Hitachi has performed the following 

soft error preventive measures. 

1) Selection of packaging materials which emit a 
minimal number of a-particles. 

2) Application of chip coating technology to pre- 
vent the a@-particles. 

3) Use of circuitry and layout technology with 
inherent ability to resist @-particles. 

Owing to these corrective measures, soft errors in 

64K DRAM have reached a practically acceptable 

level. Preventive measures applied for 64K DRAM 

are also applied to other types. 16K DRAM with 

single power supply 5V family, for which chip 

coating was originally used, no longer requires this 

coating because of remarkable improvement by the 

third measure. 
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Fig.9 Example of Soft Error Improvement on 64K-bit 
Dynamic RAM 


3.3 Request for soft error preventative measures in 
system equipment 

Thus our efforts to reduce soft errors have resulted 

in almost trouble-free memories. System reliability 

can be more improved by supplying some functions, 

that is, ECC device for lage memory system and 

parity bit for small one. 


4. RELIABILITY CLASSIFICATION 

In designing |C memories, Hitachi classifies memory 
reliability by their application and controls the 
flows of design, production and test. Reliability can 
be roughly classified as follows: 


(1) For targe scale computers and electronic 
exchangers 

(11) For important parts for auto-motive applica- 
tion 


(111) General communication-industrial use 

In using our products, therefore, we would like you 
to consider the classification of the application. 
Especially, when you are going to apply our 
memories to any special equipment, please do not 
hesitate to consult our sales engineering staff. 
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Mi PRECAUTIONS FOR HANDLING IC MEMORIES 


A variety of IC memories of high-spped, high-power 
and static lower power dissipation CMOS have been 
developed and commercially available, which allows 
an electronics designer to properly select the one 
best suited for a particular application. However, he 
must be familiar with the advantages and disadvan- 
tages of the devices to make the optimum selection 
and to prevent them from malfunctioning or, in the 
worst case, from breaking down. Precautions for 
handling IC memories given below will help the 
electronics designers to work out their optimum 
circuit designs. 


1. BIPOLAR IC MEMORY 
1.1 Prevention of static electricity 
Bipolar memories have been considered to have 
high resistance to the static electricity than MOS 
ICs. However, the presently available high speed IC, 
represented by bipolar memories, must be provided 
with a suitable preventive measure against the static 
electricity. Because their diffused junctions have 
become thinner than the conventional types, in 
order to perform higher capability. Take note of the 
following points. 

(1) Keep all terminals of a device in the conductive 
mat during transportation and storage to keep 
them at the same potential. A conductive mat 
called “MOSPAK” is commercially available. 
Unless otherwise specially stated, all HITACHI 
IC memories will be shipped in our conductive 
mats. Store them as they are. 

(2) When handling by hand IC memories for 
inspection or connection, his finger must be 
grounded as shown in Fig. 1. Do not forget to 
insert a 1M ohm resistor to protect him against 
an electric shock. 


i clip 


Qi -cs 


Copper ring 
put it ona finger. 


sak wire 
about 1 meter 


| M2214W resistor 


Fig. 1 


(3) It is advisable to control the ambient relative 
humidity at about 50 per cent to prevent the 
occurrence of static electricity. 

(4) It is also recommendable to wear cotton clothes 
instead of the ones made of synthetic fabrics to 
prevent the static electricity from occurring. 


(5) It is desirable to ground the soldering iron tips. 
Use a low voltage soldering iron (12 or 24V), if 
possible. 

(6) When IC memories mounted on the circuit 
boards are shipped, it is preferable to pack 
them with conductive mats. 


1.2 Prevention of Reverse Insertion of IC Pinouts 

In the case of reverse insertion of IC pinouts to 
board, ICs which have symmetrical pinouts between 
Vee and Ground causes high current flown. Inter- 
connection on the chip is melted and device is 
destroyed. Precaution must be made even for the 
ICs which do not have symmetrical pinouts between 
Vee and Ground, because excess current flows and 
sometimes device is destroyed. On the device 
package, marking cf No. 1 pin is stamped. Please 
watch this marking and insert ICs properly. 


1.3 Mounting and Removal of ICs during Voltage is 
supplied 

Usually, rather high current flows. in regulator of 
bipolar memory. Therefore, if ICs are put in and 
pulled out to board during voltage is supplied, high 
voltage induced at current on/off destroys ICs. 
Mount and remove ICs after supply voltage is cut 
off. Same precaution must be made in measure- 
ment with tester. 


1.4 Prevention of Oscillation 

ECL bipolar memory has high cut-off frequency of 
transistor. Therefore, sometimes, oscillation is 
caused in relation with external circuit, and misope- 
ration of ICs is occurred. In such cases, about 0.1 
MF of capacitor, which has good high frequency 
characteristics, is recommended to put between ICs 
and voltage supply line. 


1.5 Precaution on Simple “H” Level of ECL 
Memory 

In some cases, it is seen that input of ICs is directly 
connected to ground to fix input as “‘H” level. 
However, it sometimes causes misoperation in con- 
junction with internal circuit composition. “H"” and 
“L™ level of input are specified as Vit(min) and 
ViH(max) for ICs respectively. Please refer them 
and use ICs properly. 


1.6 Cooling | 

Power dissipation of bipolar memory is 400mW to 
1000mW depending on products. In the case many 
bipolar memories are mounted on the board, natural 
convention is insufficient for cooling. Therefore, 
please run forced air cooling with velocity higher 
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than 2.5m/s. In addition, by cooling, improvement 
of reliability can be expected as shown in Fig. 2. 
We recommend the junction temperature to be kept 
less than 85 C for high reliability use. 


104 


103 


10° 


Acceleration Rate 


10 


200 175 150 125 100 75 50 25 


Junction Temperature on Operation 7; (CC) 


Fig.2 Example of derating of ECL 


1.7 Other Precautions 

(1) Deforming of magazine and carrier 
Since material of plastic magazine and carrier 
(for ECL flat package) is usually thermal 
plasticity, they deforms at temperature higher 
than 40 to 50°C and may not perform suffi- 
ciently. If burn-in is carried out at users, please 
use aluminum magazine or other metal fixtures. 


(2) Shock at transportation 

Glass sealed type package is fragile. Usual 
handling and drop test (JIS C7021 A-8) on 
individual devices do not cause any problem. 
However, it devices packed in magazine receive 
strong shock such as drop shock, devices hit 
neighbouring devices and packages may be 
damaged. Therefore, at transportation or load- 
ing on/off, be careful not to drop them. Even 
after devices are mounted on_ board, iC 
packages may be damaged if strength of board 
is not enough and board receives strong deform- 
ing stress. Please be careful on strength of 
board and handling. If any questions rose at 
using Hitachi products, please feel free to 
contact closest Hitachi representatives or 
offices. 


2. MOS IC MEMORY 

2.1 Prevention of static electricity 

Similar to bipoiar 1C memories, suitable preventive 
measures should be taken for MOS IC memories by 
referring to paragraph 1.1. 


2.2 Absorption of power source noise 

The source current level flowing in the dynamic 
memory during the time of access is considerably 
different from that of stand by. Although the 
current difference is quite effective to save the 
power consumption, the current spike may be 
developed into the power source noise. Since all 
MOS IC memories are, in general, accessed while 
being refreshed, it is recommended to insert large 
capacitors (a 10 uF capacitor for every 9 pieces of 
64K-bit HM4864P, for example) as well as a 0.1 UF 
capacitor having good high-frequency characteristics 
for each memory. Needless to say, it is very 
important to reduce the power circuit impedance 
when designing. 


2.3 Assessment of the memory system design 

It is quite effective to obtain the power margin 
curves (shmoo curve) for evaluating the memory 
system designs (timing margin or adaptability to the 
peripheral circuits). Investigate the Vpp and access 
time behaviors by gradually varying theri levels, 
and the ones which are closer to the margine shown 
by the memory device itself can be judged to be 
better than others. 


2.4 Overhead parity bit 

Application of MOS IC static memory especially to 
microcomputers has been rapidly increasing due to 
the advantages that MOS static memory is operated 
by a single 5V power source and refreshing is not 
required. 

There are some cases where all bits are used as the 
information bit without inclusion of any parity bit 
by some circuit designing reasons. It is, however, 
desirable to add parity bits to thoroughly avoid the 
memory error. 


2.5 Use under high electric field 

In case MOS IC memories are placed near to high 
voltage source, the high electric field may cause 
failures in system operation. 

In order to avoid the problem, it is advisable to 
shield the parts or keep them away enough from the 
high voltage source. 
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# QUALITY ASSURANCE OF IC MEMORY 


5 


1. VIEWS ON QUALITY AND 
RELIABILITY 


Basic views on quality in Hitachi are to meet 
individual users’ purchase purpose and quality re- 
quired, and to be at the satisfied quality level 
considering general marketability. Quality reuired 
by users is specifically clear if the contract specifica- 
tion is provided. !f not, quality required is not 
always definite. In both cases, efforts are made to 
assure the reliability so that semiconductor devices 
delivered can perform their ability in actual operat- 
ing circumstances. To realize the quality in manu- 
facturing process, the key points should be to estab- 
lish quality control system in the process and to 
enhance morale for quality. In addition, quality 
required by users on semiconductor devices are 
going toward higher level as performance of elec- 
tronic system in the market is going toward higher 
one and is expanding size and application fields. To 
cover the situation, actual bases Hitachi is perform- 
ing is as follows; 
(1) Build the reliability in design at the stage of 
new product development. 
(2) Build the quality at the sources of manufactur- 
ing process. 
(3) Execute harder the inspection and reliability 
confirmation of final products. 
(4) Make quality level higher with field data feed 
back. 
(5) Cooperate with research laboratories for higher 
quality and reliability. 
With the views and methods mentioned above, 
utmost efforts are made for users’ requirements. 


2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliability Targets 

Reliability target is the important factor in manu- 

facture and sales as wel as performance and price. 

It is not practical to rate reliability target with 

failure rate at the certain common test condition. 

The reliability target is determined corresponding to 

character of equipments taking design, manufacture, 

inner process quality control. screening and test 

method, etc. into consideration, .and considering 

operating circumstances of equipments the semicon- 

ductor device used in, reliability target of system, 

derating applied in design, operating condition, 

maintenance, etc. 

2.2 Reliability Design 

To achieve the reliability required based on reliabilt 

ity targets, timely sude and execution of design 

Standardization, device design (include process 


design, structure design), design review, reliability 
test are essential. 

(1) Design Standardization 

Establishement of design rule, and standerdization 
of parts, material and process are necessary. As for 
design rule, critical items on quality and reliability 
are always studied at circuit design, device design, 
layout design, etc. Therefore, as long as standard- 
ized process, material, etc. are used, reliability risk is 
extremely small even in new development devices 
only except for in the case special requirements in 
function needed. 

(2) Device Design 

It is important for device design to consider total 
balance of process design, structure design, circuit 
and layout design. Especially in the’ case new 
Process and new material are employed, technical 
study is deeply executed prior to device develop- 
ment. 

(3) Reliability Evaluation by Test Site 

Test site is sometimes called Test Pattern. It is 
useful method for design and process reliability 
evaluation of IC and LSI which have complicated 
functions. 

1. Purposes of Test Site are as follows; 

@ Making clear about fundamental failure mode 

@ Analysis of relation between failure mode and 
manufacturing process condition 

@ Search for failure mechanism analysis 

@ Establishment of OC point in manufacturing 

2 Effectiveness of evaluation. by Test Site are as 
follows; 

@ Common fundamental failure mode and fail- 
ure mechanism in devices can be evaluated. 

@ Factors dominating failure mode can be 
picked up, and comparison can be made with 
Process having been experienced in field. 

@ Able to analyze relation between failure 
causes and manufacturing factors. 

@ Easy torun tests. 

etc. 


2.3 Design Review 

Design review is organized method to confirm that 
design satisfies the performance required including 
users’ and design work follows the specified ways, 
and whether or not technical improved items 
accumulated in test data of individual major fields 
and field data are effectively built in. In addition, 
from the standpoint of enhancement of competition 
power of products, the major purpose of design 
review is to insure quality and reliability of the 
products. In Hitachi, design review is performed 
from the planning stage for new products and even 
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for 


design changed products. Items discussed and 


determined at design review are as follows; 


(1) 


(2) 


(3) 


(4) 


(5) 
(6) 


(7) 
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Description of the products based on specified 
design documents. 

From the standpoint of specialty of individual 
participants, design documents are studied, and 
if unclear matter is found, sub program of 
calculation, experiments, investigation, etc. will 
be carried out. 

Determine contents of reliability and methods, 
etc. based on design document and drawing. 
Check process ability of manufacturing line to 
achieve design goal. 

Discussion about preparation for production. 
Planning and execution of sub-programs for 
design change proposed by individual specialist, 
and for tests, experiments and calculation to 
confirm the design change. 

Reference of past failure experiences with 
similar devices, confirmation of method to 
provent them, and planning and execution of 
test program for confirmation of them. These 
study and decision are made using check lists 
made individually depending on the objects. 


Step 


Target 


Specification 


Design Materials, Parts 
Trial A oval Parts 
Production ppr 


Others 


Others 


Quality Approval (1) 


Appearance 
Dimension 

Heat Resistance 
Mechanical 
Electrical 


Electrical 

Characteristics 
Function 
Voltage 
Current 
Temperature 


Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 


Others 


3. 


QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 


3.1 Activity of Quality Assurance 
General views of overall quality assurance in Hitachi 


are as follows; 


(1) 


(2) 


(3) 


Problems in individual process should be solyed 
in the process. Therefore, at final product stage, 
the potential failure factors have been already 
removed. 

Feedback of information should be made to 
insure satisfied level of process ability. 

To assure reliability required as an result of the 
things mentioned above is the purpose of 
quality assurance.. 


The followings are regarding device design, quality 
approval at mass production, inner process quality 
control, product inspection and reliability tests. 


3.2 Quality Approval 


To 


insure quality and reliability required, quality 


approval is carried out at trial production stage of 
device design and mass production stage based on 
reliability design described at section 2. 

The views on quality approval are as follows; 


Contents 


Design Review 


Characteristics of Material and 


Appearance, Dimension 


Reliability Test 


Process Check same as 


Purpose 


Confirmation of 
Characteristics and 


Reliability of Materials 
and Parts 


Confirmation of Target 
Spec. Mainly about 
Electrical 
Characteristics 


Confirmation of Quality 


and Reliability in Design 


Confirmation of Quality 


and Reliability in Mass 


Production 


Fig. 1 Flow Chart of Quality Approval 
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(1) The third party executes approval! objectively 3.3 Quality and Reliability Control at Mass Produc- 
from the stand point of customers. tion 

(2) Fully consider past failure experiences and For quality assurance of products in mass produc- 
information from field. tion, quality control is executed with organic 

(3) Approval is needed for design change and work division of functions in manufacturing department, 
change. quality assurance department, which are major, and 

(4) Intensive approval is executed on parts material other departments related. The total function flow 
and process. is shown in Fig. 2. The main points are described 

(5) Study process ability and fluctuation factor, below. 


and set up control points at mass production. 
Considering the views mentioned above, quality 
approval shown in Fig. 1 is executed. 


Process Quality Control Method 


Material, Parts 


Inspection of 
Material and Parts 


Manufacturing eee 


Material, 
Parts 


Inspection on Material and Lot Sampling, 


Parts for Semiconductor Confirmation of 


Devices Quality Level 


Manufacturing Equipment, 


Confirmation of 
Environment, Sub-material, 


Worker Control 


Quality Level 


Lot Sampling, 


Inner Process 


Quality Control Confirmation of 


Quality Level 


100% Inspection on 


Testing, 
Appearance and Electrical 


Inspection 


Characteristics 


eee we eg 


Products 


Products Sampling Inspection on 


Inspection 


Appearance and Electrical Lot Sampling 


Characteristics 


Confirmation of 


Quality Level, Lot 


Lot 
Assurance S L_._._ Reliability Test 
Test 


Sampling 


Receiving 


Pe et eee | Feedback of 


Quality Information, 
| 


Field Experience 
Information 


— ee re eee ee wee ee eee ee 


Fig. 2 Flow Chart of Quality Control in Manufacturing 
Process 
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3.3.1 Quality Control of Parts and Material 
As tendency toward higher performance and higher 
reliability of semiconductor devices, is going, impor- 
tance is increasing in quality control of material and 
parts, which are crystal, lead frame, fine wire for 
wire bonding, package, to build products, and 
materials needed in manufacturing process, which 
are mask pattern and chemicals. Besides quality 
approval on parts and materials stated in section 
3.2, the incoming inspection is, also, key in quality 
control of parts and materials. The incoming inspec- 
tion is performed based on incoming inspection 
specification following purchase specification and 
drawing, and sampling inspection is executed based 
on MIL-STD-105D mainly. 
The other activities of quality assurance are as 
follows; 
(1) Outside Vendor Technical Information Meeting 
(2) Approval on outside vendors, and guidance of 
outside vendors 
(3) Physical chemical analysis and test 
The typical check points of parts and materials are 
shown in Table 1. 


@ Table 1 Quality Control Check Points of Material 
and Parts (Example) 


Material, Important 
Parts Control Items Point for Check 


Damage and Contamina- 


Appearance 


Dimension 


tion on Surface 
Flatness 


mates Sheet Resistance Resistance 
Defect Density Defect Numbers 
Crystal Axis 
Appearance Defect Numbers, Scratch 
Mask Dimension Dimension Level 
Resistoration 
Gradation Uniformity of Gradation 
Fine Appearance Contamination, Scratch, 
Wire for Bend, Twist 
Wire Dimension 
Bonding Purity Purity Level 
Elongation Ratio Mechanical Strength 
Appearance Contamination, Scratch 
Dimension Dimension Level 
Processing 
Frame Accuracy 
Plating Bondability, Solderability 
Mounting Heat Resistance 
Characteristics 
Appearance Contamination, Scratch 
Dimension Dimension Level 
Leak Resistance Airtightness 
Plating Bondability, Solderability 
Ceramic Mounting Heat Resistance 
Package Characteristics 
Electrical 
Characteristics 
Mechanical Mechanical Strength 
Strength 
Composition Characteristics of 
Plastic Material 
Electrical 
Characteristics 
; Thermal 
masts Characteristics 
Molding Molding Performance 
Performance 
Mounting Mounting Characteristics 
Characteristics 
30 


3.3.2 Inner Process Quality Control 
Inner process quality control is performing very 
important function in quality assurance of semicon- 
ductor devices. The following is description about 
control of semi-final products, final products, manu- 
facturing facilities, measuring equipments, circum- 
stances and sub materials. The manufacturing inner 
process quality control is shown in Fig. 3 corre- 
sponding to the manufacturing process. 
(1) Quality Control of Semi-final Products and 
Final Products 
Potential failure factors of semiconductor 
devices should be removed preventively in 
manufacturing process. To achieve it, check 
points are set-up in each process, and products 
which have potential failure factor are not 
transfer to the next process. Especially, for high 
reliability semiconductor devices, manufactur- 
ing line is rigidly selected, and tighter inner 
process quality control is executed — rigid 
check in each process and each lot, 100% 
inspection pointed process to remove failure 
factor caused by manufacturing fluctuation, 
and execution of screening needed, such as high 
temperature aging and temperature cycling. 
Contents of inner process quality control are as 
follows; | 
® Condition control on individual equipments 
and workers, and sampling check of semi- 
final products. 
@ Proposal and carrying-out improvement of 
: work 
@ Education of workers 
@ Maintenance and improvement of yield 
@ Picking-up of quality problems, and execu- 
tion of countermeasures 
@ Transfer of information about quality 
(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 
Manufacturing equipments are extraordinary devel- 
oping as higher performance devices are needed and 
improvement of production, and are important 
factors to determine quality and reliability. In 
Hitachi, automatization of manufacturing equip- 
ments are promoted to improve manufacturing 
fluctuation, and controls are made to maintain 
prompt operation of high performance equipments 
and perform the proper function. As for mainte- 
nance inspection for quality control, there are daily 
inspection which is performed daily based on 
specification retated, and periodical inspection 
which is performed periodically. At the inspection, 
inspection points listed in the specification are 
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checked one by one not to make any omission. As 
for adjustment and maintenance of measuring 
equipments, maintenance number, specification are 
checked one by one to maintain and improve 
quality. 

(3) Quality Control of Manufacturing Circum- 

stances and Sub-mater ials 

Quality and reliability of semiconductor device is 
highly affected by manufacturing process. There- 
fore, the controls of manufacturing circumstances — 
temperature, humidity, dust — and the control of 


Process 


Purchase of Materia] 


Wafer 


Electrical Characteristics 
Chip Scribe 


Inspection on Chip 
Appearance 


©PQC Lot Judgement 


Final Electrical Inspection 
©Failure Analysis 


Appearance Inspection 


Sampling Inspection on 
Products 


Receiving 


Shipment 


Control Point 


Characteristics, Appearance 


Analysis of Failures, Failure 
Mode, Mechanism mation 


Fig. 3 Example of Inner Process Quality Control 
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submaterials — gas, pure water — used in manufac- 
turing process are intensively executed. Dust control 
is described in more detail below. 

Dust control is essential to realize higher integration 
and higher reliability of devices. In Hitachi, mainte- 
nance and improvement of cleanness in manufactur- 
ing site are executed with paying intensive attention 
on buildings, facilities, air-conditioning systems, 
materials delivered-in, clothes, work, etc., and peri- 
odical inspection on floating dust in room, falling 
dusts and dirtiness of floor. 


Purpose of Control 


Scratch, Removal of Crystal 
Defect Wafer 


Surface Oxidation Oxidation Assurance of Resistance 
Inspection on Surface Appearance, Thickness of Pinhole, Scratch 
Oxidation Oxide Film 
Photo Resist Photo 
Resist 
Inspection on Photo Resist Dimension, Appearance Dimension Level 
© PQC Level Check Check of Photo Resist 
Diffusion Diffusion Diffusion Depth, Sheet Diffusion Status 
Resistance 
Inspection on Diffusion Gate Width Control of Basic Parameters 
© PQC Level Check Characteristics of Oxide Film (Vu, etc) Cleaness of surface, 
Breakdown Voltage Prior Check of Vin 
Breakdown Voltage Check 
Evaporation Evapo- Thickness of Vapor Film, Assurance of Standard 
ration Scratch, Contamination Thickness 
Inspection on Evaporation 
© PQC Level Check 
Wafer Inspection Wafer Thickness, Vrtu Characteris- Prevention of Crack, 
tics Quality Assurance of Scribe 
Inspection on Chip Chip Electrical Characteristics 


Appearance of Chip 


Assembling Assembling | Appearance after Chip Quality Check of Chip 
Bonding Bond ing 
Appearance after Wire Quality Check of Wire 
Bonding Bonding 
©PQC Level Check Pull Strength, Compresion Prevention of Open and 
Width, Shear Strength Short 
Inspection after Appearance after Assembling 
Assembling 
©PQC Lot Judgement 
Package 
Sealing Sealing Appearance after Sealing Guarantee of Appearance 
Outline, Dimension and Dimension 
© PQC Level Check Marking Marking Strength 


Feedback of Analysis Infor- 
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3.3.3 Final Product Inspection and Reliability As- 
surance 

(1) Final Product Inspection 

Lot inspection is done by quality assurance depart- 
ment for products which were judged as good 
products in 100% test, which is final process in 
manufacturing department. Though 100% of good 
products is expected, sampling inspection is exe- 
cuted to prevent mixture of ‘failed products by 


Customer 


Claim 


Sales Dept. 


———_ ee eee eee eee eee eee eee | eee 


(Failures, Information) 


Sales Engineering Dept. 


mistake of work, etc. The inspection is executed not 
only to confirm that the products meet users’ 
requirement, but to consider potential factors. Lot 
inspection is executed based on MIL-STD-105D. 

(2) Reliability Assurance Tests 

To assure reliability of semiconductor devices, 
periodical reliability tests and reliability tests on 
individual manufacturing lot required by user are 
performed. 


ees ee. ee ee ee eee ee ee EE eee 


Failure Analysis 


Countermeasure 
Execution of 
Countermeasure 


Follow-up and Confirmation 
of Countermeasure Execution 


Sales Engineering Dept. 


Reply 


Customer 


Fig. 4 Process Flow Chart of Field Failure 
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1. Inspection Method 

Compared to conventional core memories, all peri- 
pheral circuits such as the decoder circuit, write 
circuit, read circuit, etc., are contained within the 
IC memories. As a result, all works of assembling 
the parts and performing electrical inspection, 
which had been carried out. by core memory 
manufacturers in the past, have be come to be 
incorporated as works of IC manufacturers. Con- 
sequently, the electrical inspection of the memory 
IC has been faced to a more systematic inspection 
method and conventional IC inspection facilities 
have become completely useless. This has led to the 
development and introduction of a memory tester 
with pattern generator to generate the inspection 
pattern of the memory IC at high speed. A function 
test for such as TTL gates can be performed even by 
a comparatively simple DC parameter facility. How- 
ever, when the address input becomes multiplexed 
as in 16K memory, even the generation of the 
function test pattern becomes a serious problem. In 
the memory IC inspection, its quality cannot be 
judged by only inspecting DC characteristics related 
to external pins. This is because numbers of 
transistors, etc., related to the DC characteristics of 
the pins only amount to 1/1000 of all element 
numbers within IC memories. The following various 
address patterns are proposed to inspect whether or 
not the internal circuits are functioning correctly. 
(1) All “Low”, all “High” 

(2) Checker flag 

(3) Stripe pattern 

(4) Marching 

(5) Galloping 

(6) Walking 

(7) Ping-pong 

Although there are a lot of address patterns, only 
representative ones have been listed. These patterns 
are convenient for checking the mutual finter- 
ference of bits and sometimes are patterns with 
maximum power dissipation. Among the above- 
mentioned patterns, those of (1) to (4) are the 
socalled N patterns and these patterns are capable of 
checking !C memories of N_ bits with several 
sequences of N at most against the memory IC of N 
bits. Whereas, those of (5) to (7) are caled N? 
patterns and they need patterns several sequences of 
N2 

A serious problem arises in using the N” patterns in 
a large-capacity memory, for example, a long period 
of about 30 minutes becomes necessary to perform 
inspection of the 16K memory with galloping 


pattern, Patterns from (1) (3) are comparatively 
simple and good methods, but they are not perfect 
against a failure in the decoder circuit. As the most 
simple pattern for inspecting the necessary memory 
function, there is a ‘Marching’ pattern. 


2. Marching Pattern 

The marching pattern, as its name indicates, is a 

pattern in which “1”s march into all bits written in 

“O”s. The addressing method will be explained for a 

simple 16 bit memory as an example. 

(1) Write “O” for all bits ............ Fig. 1(a) 

(2) Read “0” of Oth address and check that the 
read data is ‘0’. Hereafter, the meaning of 
“Read” is “checking and judging the data’’. 

(3) Write “1 in the Oth address ....... Fig. I(b) 

(4) Read “0” of 1st address 

(5) Write “1” in 1st address 

(6) Read “0” of nth address 

(7) Write 1" in nth address ......... Fig. 1(c) 

(8) Repeat above procedures (6) and (7) up to the 
last. Finally, all data will become “1”. 

(9) Since all data are ‘’1’’s in this condition, replace 
“0” and “1” after procedure (2) and repeat 
once more up to procedure (8). 

It is understood that 5N address patterns are 

necessary for the N bit memory in this method. 


Fig. 1 Addressing method for 16 bits memory in the 
Marching pattern 


3. Generation of Marching Pattern 

The method of generating the marching pattern and 
displaying failed bits of the memory on the Braun 
tube will be introduced. Fig. 2 shows the all block 
diagram. The address pattern is generated by using 
four synchronous 4 bit counters. All address pat- 
terns are shown in Fig. 4. This example, is for 16K 
bit memory, however, it can be easily understood 
that A14 which has a half frequency of the 
maximum address input A13 is the same as the data 
input. : 

The A15 signal together with the carrier signal of 
HD74161 is used to determinine the termination of 
the sequence. 

As shown in Fig 2. In the read and write cycles after 
cleaning ai! bits addressing is twice the period of 
clearing. This switching is performed at the gate of 
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Outline of Testing Method 


the binary circuit following the reference pulse 
generating circuit. 


Dal 
Gi— 
Clock Gen 
Pulse Gen 
CP HD74161 
Carry Out 
T 
CP HD74161 
Carry Out 
T 
CP HD74161 


Carry Out 


ADDRo 
ADDR, 
ADDRe 
ADDR3 


ADDR, 
ADDRs 
ADDRe 


to Din of memory 


From Comparator Circuit 


Fig. 3 Fail Bit Map Display Circuit 


-————______—_————1 Sequence ———_+} 
|—A11"0" fe ——~0" Read" 1" Write —=f——" I" Read“0" Write ——4 


» fue SL wy UU Paes 


Fig. 4 Entire Pulse Relations 


Input the output of HD74161 is input to the D/A 
converter and the output of D/A converter is 
connected to the oscilloscope to display > X-Y 
matrix. The output of the comparator circuit is 
cohnected to the Z axis and performs luminous 
intensity modulation. In this way, the fail bit map 
can be displayed on the CRT. Fig. 5 shows an 
example checking a voltage margin. By changing the 


to Comparator Circuit of Memory 


Z Axis of Oscilloscope 


Y Axis of Oscilloscope 


X Axis of Oscilloscope 


power voltage Vgp, the increase and decrease of the 
failed bits can be well understood. The operation of 
the memory can be dynamically understood by 
displaying its operation on the CRT. The operation 
of the memory IC is extremely complicated differ- 
ing from other TTLs, etc.. Its operation is not easy 
to understand by pulse waveform observation with 
an ordinary oscilloscope. The fail bit map as shown 
in Fig. 5 is extremely useful. It is capable of visually 
understanding the operation of memory IC. 


Fig. 5 Example of 1 bit solid fail 
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$< Yu tline of Testing Method 


4. Failure Mode 

Generally, failure 70% ~ 90% of failures at users are 
of those called solid failure. This failure mode has 
no relation with access time, voltage margin and 
timing, and is not capable of reading from or writing 
to certain specified bits and is failure fixed to ‘‘0”’ 
or “1". The convenient checker, previously men- 
tioned as simple tester, is sufficiently capable of 
detecting such failures. Therefore, with the excep- 
tion of special cases, it can be considered that the 
necessity of performjng high-precision measure- 
ments such as those made by memory IC manufac- 
turers is rare, 

In the inspection of memory IC at our company, 
full inspection under the worst conditions are 
performed so as to guarantee sufficient operations 
under all power voltage conditions and timing 
conditions listed in the data sheet. 

An extremely accurate memory tester becomes 
necessary for performing high-precision inspection 
with Ins accuracy. Our company is developing IC 
memory testers to supply memory ICs with excel- 
lent characteristics and quality to users and is 
establishing the system capable of developing 
further high-efficiency memory ICs. 
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W@ APPLICATION OF DYNAMIC RAMS 


1. Power On 

After turning on power to set the memory circuitry, 
hold for more than 500us and apply eight or more 
dummy loads before actuating the memory. The 
dynamic cycle may be either an ordinary memory 
cycle or a refresh cycle. When power is turned on, 
power-on current flows which varies with the rise 
time of Vcc and clock conditions, as shown in Fig. 
1. If the rise time is 10us or thereabout, the RAM 
does not operate dynamically and through-current 
passes to the internal inverter since the potential at 
the internal circuitry becomes unstable. Neverthe- 
less, this through-current decreases as the operation 
of the internal circuitry becomes stable. With all 
this in mind, rise time of not shorter than 10Qus is 
recommended for power-up. 


> 5 > 
S c 
7 Sega e 


\ RAS, CAS=Vss 


ee 


Icc (mA) 


0 10 20 30 40 50 0 100 200 300 400 500 
Vec Rise Time=l0us Vec Rise Time=100"s 
Time (us) Time (us) 
Fig.1 Relationship between standard value 


of Icc and Vcc during power-up 


2. Operation Modes (See Fig. 2) 

(1) Read Cycle: 
First, decide the X address of the memory cell 
chosen and start with trailing of RAS. When 
the X address has been held by the internal 
circuitry, change it to Y address. Then, trail 
CAS to take in the Y address. If the WE pin is 
at high level, output will appear on the Dout 
pin after a certain time. 

(2) Write Cycle: 
The input at Din is written in the memory cell 
when WE turns to low level before CAS. 

(3) Read/Modify/Write Cycle: 
During this cycle, CAS and, then, WE are 
trailed down to low level so that data is read 
out from and written in the same address with 
in the same memory cycle. 

(4) Page Mode Cycle: 
In this cycle; CAS is cyclically moved, after 
taking in the X address through RAS, to scan 
only the Y address. This permits reading out 
and writing in only one column data at high 
speed. 
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Fig.2 Operating modes of Dynamic RAMs 


2. Data Output 

Dout is a TTL-compatible three-state output with 
two TTL-load fan outs. The output is controlled by 
the CAS signals; it is held while CAS is low, while 
Dout returns to a floating state when CAS is high. 
In the early write cycle, the output becomes a high- 
impedance one to permit the use as a common 1!/O 
terminal. 


3. Refreshing 

Refreshing is a process of periodical rewriting to 
make up for the leakage of the charge accumulated 
in the memory cell. This operation is implemented 
in the RAS only refresh cycle, ordinary read cycle, 
and so on. Whether 16k- or 64k-bit, all bits can be 
refreshed by giving a 128-cycle scanning to only the 
X addresses between AO and A6. To be more 
specific, each cycle refreshes 128 bits for the 16k- 
bit Dynamic RAMs and 512 bits for the 64k-bit 
RAMs. Especially, the RAS only refresh cycle per- 
mits such a power-efficient refresh as calls for only 
approximately 75 percent of the current consumed 
by the read cycle. With CAS fixed at high level, the 
output is a high-impedance one. The HM4816A has 
a special function called the hidden refresh which 
enables holding the output by turning CAS to 
“low” while RAS only refresh is on. There are two 
methods of refreshing: concentrated and decon- 
centrated refreshing. The former gives a concentrat- 
ed 128-cycle refresh after operating the memory for 
a period of 2ms maximum. In contrast, the latter 
repeats a refreshing cycle every 16us following the 
initial 16us (=2ms/128) memory operation. A 
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choice between the two modes calls for a careful 
consideration about the system's efficiency. 


4. Operating Current for Dynamic RAMs 

Fig. 3 shows the waveforms of the current applied 
in various operating modes (HM4864). The mean 
operating current in each mode equals the value 
obtained by dividing the integrated result of each 
waveform by the cycle time. The first peak current 
in each operating mode appears as a result of the 
circuit operation during the memory access time. 
On the other hand, the peak current during standby 
appear as a result of the precharging operation in 
each circuit. Having two circuitry operation modes 
— X and Y. Dynamic RAMs show different peak 
currents depending upon the operating timing of 
RAS and CAS. That is, the greatest peak current 
appears when both X and Y circuits operate simulta- 
neously. The maximum peak current for the 
HM4864, for example, is approximately 100mA. 
The current consumed while the memory stands by 
on the board is expressed in terms of the cycle time 
dependency shown in Fig. 4. During standby, with 
a once-in-every 16s refresh, the HM4864 consumes 
approximately 3mA of current. 


Icc (mA) 


0 
Note: Vec =5.0V, Ta=20°C 


—o| be— 50ns 


Fig.3 Power supply voltage (HM4864) 


200n 500n lu 2u 5yl0u 20u 
Cycle Time (trc) 


RAS Only Refresh Current Icc (mA) 


Fig.4 Cycle time dependence of RAS only 
refresh current (HM4864) 


5. Noise 

Broadly, noise can be classified into power source 
noise and input signal noise. With the fatter, 
furthermore, whether it is an overshoot or under- 
shoot must be considered. The overshoot should be 


Application of Dynamic RAMs 


held below the highest input level specified. As to 
the undershoot, the input-undershoot-induced par- 
asitic transistor effect in the input area is prevent- 
ed by providing a -5V Vgp to the three-way power 
source and a built-in bias circuit on the substrate. 
Normally, design should be such that the input 
undershoot does not exceed the minimum value 
specified for Vi,_, at worst. The power source noise 
can be further classed into low-frequency noise and 
high-frequency noise as shown in Fig. 5. To assure a 
stable memory operation, the peak-to-peak power 
supply voltage in the presence of low- or high- 
frequency noise should be held below 10 percent of 
its standard level. Overshoot and undershoot can be 
reduced by inserting a damping resistance of several 
tens of ohms in Dynamic RAM series. To prevent 
the power source noise, it is recommended to pro- 
vide a condenser of 0.14F or so to each one or two 
devices. 


High-frequency noise: 
Not more than 10% of standard 
power supply voltage. 


Low-frequency noise: | 
Not more than 10% of standard power 

supply voltage. 

Total of low-and high-frequency : 

Not more than +10% of standard power 

supply voltage. 


Fig.5 Power source noise 
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Mi PROGRAMMING & ERASING OF PROMS 


1. PROGRAMMING & ERASING OF EPROM 


1.1 Programming 

Information is programmed into the memory cell of 
an EPROM by applying a high voltage to its drain 
and gate (Fig. 1 and 2). The high voltage at. the 
drain increases the energy of the electrons in the 
channel area. When the energy becomes high 


Logic “1” — Logic “0” Drain 


Source 


enough, the electrons become what are known as eee 
“hot electrons’ that are capable of jumping across 
the oxide film. Pulled by the high voltage at the Fig.3 Reading out stored information 


gate, the hot electrons are admitted into the floating 
gate. The electric charge entering the floating gate 
changes the threshold voltage in the memory ele- 
ment, whereby it is stored as new information. 
When reading out, voltage is applied as shown in 
Fig. 3, and ‘’1"’ and “0” are identified by checking 
whether or not current flows. Since the drain 
voltage for read-out is set at about 3V, no erroneous 
writing takes place. When shipped, all bits of the 
EPROM are held at logic “1’’ with all electric charge 
released (with no information programmed in). 
By changing the logic 1 to logic 0 through the 
application of the specified waveform and voltage, 
the necessary information is programmed in. The 
higher the Vp, voltage and the longer the program 
pulse width tpw, the more will be the quantity of 
electrons to be programmed in, as shown in Fig. 4. 
If the Vpp exceeds the rated value, such as by over- 
shoot, the p-n junction of the memory may yield 
to permanent breakdown. * To avoid this, check 
Vpp overshoot by the PROM programmer and 
take all other possible caution. Also with for the 
negative-voltage-induced noise at other terminals, 
since it can touch off a parasitic transistor effect 
and apparently reduce the yield voltage Hitachi's 
EPROMs are usually capable of being written and 
erased more than 100 times, although the number 
of times is not guaranteed because it is difficult 
to give an exhaustive inspection prior to shipment. 
At any rate, 100 times is enough since the fre- 
quency of reprogramming in practical application 
rarely exceeds about 10 times. 


Stored Charge (Relative) 


Stored Charge (Relative) 
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Program Vpp (V) 


Gate 


Source Drain 


Fig.4 Typical Programming Characteristics 


Fig.1 Memory transistor of EPROMs. 


circuit symbols 


Fig.2 Cross section of 
memory transistor 
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1.2 Erasing 

Data stored in the EPROM is erased by releasing 
the electric charge from the floating gate through 
the exposure of the memory chip to ultraviolet 
light. Light has an energy that is inversely propor- 
tional to its wavelength. Receiving the energy of 
the ultraviolet light, the electrons in the floating 
gate are again turned into hot electrons, which jump 
across the oxide film into the control gate or sub- 
strate. As a result of this process, the stored 
information is erased. Accordingly, the stored 
information can not be erased by such lights whose 
wavelengths are too long to give adequate energy to 
jump over the barrier of the oxide film. For 
successful erasing, the wavelength and minimum 
exposure rate of ultraviolet light are specified as 
2,537A and 15W sec/cm? respectively. This condi- 
tion is attained by exposing a device to an ultra- 
violet lamp of 12,000UW/cm? 1.2 ~ 3cm away for 
approximately 20 minutes. The ultraviolet light 
transmission rate of the transparent lid is about 70 
percent. Any contamination or foreign material 
at the surface of the capsule lowers the transmission 
rate, prolonging the erasing time. So such contami- 
nation should be recovered by use of alcohol or 
other solvent that does not damage the package. 
Fig. 5 shows typical erasure characteristics for 


EPROM. 
stored 


ost Hard-t 


Stored Charge (Relative) 


UV-Irradiation (W-sec/cm?) 


Fig.5 Typical Erasing Characteristics 


1.3 Data retention characteristic of EPROM 

As a result of writing in, approximately 0.5 to 2.0 
x 107%3 coulomb of electrons are accumulated at 
the floating gate. With the elapse of time, however, 
these electrons decrease, as a result of which the 
inversion of stored information can happen. The 
mechanism of electron dissipation is generally 
explained as follow: 


Programming & Erasing of PROMs 


(1) Data dissipation by heat 
The accumulation of electrons at the floating 
gate is an unbalanced state, so the dissipation of 
thermally excited electron is unavoidable. 
Therefore, the data holding time has a close re- 
lationship with temperature. Fig. 6 shows 
typical data retention characteristics. The data 
retention time is proportional to the reciprocal 
of absolute temperature. 

(2) Data dissipation by ultraviolet light 
Ultraviolet rays at a wavelength of not greater 
than 3,000 ~ 4,000A is capable of releasing the 
electric charge stored in the memory of the 


EPROM with varying efficiencies. Fluorescent 
light and sunlight contain some ultraviolet rays, 
so prolonged exposure to these lights can cause 
data corruption as a result of electric charge 
dissipation. Fig. 7 shows examples of the data 
retention time under an _ ultraviolet eraser, 
sunlight and fluorescent lighting. But it should 
be noted that the data for fluorescent light and 
sunlight are not definite because of their vary- 
ing ultraviolet ray contents. The ultraviolet ray 
content in sunlight, for example, varies greatly 
with seasons, weather and the composition of 
the atmosphere. 


MTTF (hrsi 


10° 


103 


300 200 150 100 
Storage Temperature (C) 


Fig.6 Typical Data Retention Characteristics 
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(3) Data dissipation by voltage 
This type of data dissipation occurs while infor- 
mation is being written in. At other memory 
cells lying on the same word line or data line as 
the memory cell being programmed, high 
voltage can cause the dissipation of stored 
electric charge. Of course, such defects are 
removed at the factory by pre-shipment inspec- 
tion. The programming voltage and pulse width 
should be always kept within the specified 
range for the same reason. 


1.4 EPROM Programmer 

The 16K EPROM Programmer stores the program in 

its internal RAM and writes the program in the 

EPROM. For this programming, the minimum of 3 

functions, the Blank check function prior to pro- 

gramming, the programming function and the 

Verify function after programming are necessary. 

As shown in the drawing, there are also pro- 

grammers provided with a reverse insertion checking 

function or pin contact checking function prior to 

the Blank Check. The outline of each block is as 

follows. 

(a) Pin contact check 
In the connection test of the ROM pin and the 
socket, normally. checking is performed by 
detecting the forward current of each EPROM 
pin. Care is necessary as this forward biased 
resistance differs according to products of each 
company. 

(b) Reverse insertion check 
This check detects the reverse insertion of the 
device, places the equipment in reset mode and 
protects the device and equipment. 

(c) Blank check 
This check is performed prior to programming 
and checks whether or not it is an erased 
EPROM or for preventing EPROM repro- 
gramming. Since the output data in the erased 
condition are “1” (high level), check whether 
or not data in EPROM are all ‘1’. It willfail- 
stop even when 1 bit of ‘’0’’ (low level). Nor- 
mally, it is designed to provide warning with a 
lamp or buzzer. 

(d) Programming 
The function of programming the data in the 
internal RAM of the programmer into EPROM 
and will fail-stop when programming cannot be 
made. The normal flow is as shown below. The 
EPROM data will be read out prior to pro- 
gramming and compared with programming 
data. If they coincide, programming will be 
skipped and if they differ, programming will be 


performed. Then, read out will be made again 
and compared with the programming data, and 
if they coincide, it will progress to the next 


address. 
a ‘S 
y N 


7 
7 
< Check Pin Contact 
\ 
~ 7 
™ / 


“N 
\ 7 


Nea 
Blank Check 
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(e) Verify 
This function is for checking after programming 
completion whether or not the programming is 
correct when comparing with the data in the 
internal RAM of the programmer and it per- 
formes fail-stop when it does not coincide. 
Normally, when it fails, together with lighting 
of the fail lamp, the address and data are 


displayed. 
| 


Is Programming 
Necessary? 


Is Readout OK? 


Is it the 
Final address? 


Address 
Increment 
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(f) How to input the program 
There are the following methods for inputting 
the program data to the internal RAM of the 
programmer. Normally, paper tape input and 
retypewriter input are options. 


Method 
Copy input 


Content 
Input by copying the master ROM. 


Input by the keyswitch of the front 
panel. Used for correction or 
revision of program 


Manual input 


Paper tape input | Read the paper tape furnished 
from the host system with the 


tape reader 


Telety pewriter Input with the teletypewriter. 

input Preparation, correction and list 
preparation of the program can be 
made, 


1.5 Handling EPROM 
When brought in contact with a charged human 
body or rubbed with plastics or dry cloth, the glass 
window of an EPROM generates static electricity 
which causes device malfunctions. Typical malfunc- 
tions are faulty blanking and write marging setting 
that give a wrong impression that information has 
been correctly written in. As already reported at the 
international conferences concerning the reliability 
of LSI chips, this is due to the prolonged retention 
of electric charge (resulting from the static electrici- 
ty) on the glass window. Such malfunctions can be 
eliminated by neutralizing the charges through the 
eradiation of ultraviolet rays for a short time. It is 
recommended to execute reprogramming after this 
eradiation since it reduces the electric charges in the 
floating gate, too. The basic cluntermeasure is to 
prevent the charging of the window, which can be 
achieved by the following methods as in the preven- 
tion of common static breakdown of ICs. 

(1) Establish a ground for the operator to handle 
EPROM. Avoid the use of gloves etc. that may 
develop a static charge. 

(2) Refrain from rubbing the glass window with 
plastics and other substances that may develop 
a charge. 

(3) Avoid the use of coolant sprays which contain 
some ions. 7 

(4) Use shielding labels (especially those containing 
conductive substances) that can evenly distri- 
bute the established charge. 


1.6 Shielding label 

When using an EPROM in an environment where 
ultraviolet exposure can occur, it is advisable to put 
a shielding label on its glass window to absorb ultra- 
violet light. Specially prepared shielding labels are 


marketed. Metal-loaded labels are particularly effec- 

tive. In choosing a shielding label, the following 

points should be carefully checked. 

(1) Adhesiveness (mechanical strength) 
Avoid repeated attaching and dusting that may 
reduce the adhesive strength. Ultraviolet eras- 
ing and reprogramming are recommended after 
stripping off an attached label. (When the need 
arises to change a label, it is advisable to put a 
new one on the old one since peeling may de- 
velop a static charge.) 

(2) Allowable temperature range 
Use the shielding label in an environment whose 
temperature falls within the specified allowable 
temperature range. Beyond the specified tem- 
perature range, the paste on the label may 
harden or stick too fast. When it hardens, the 
label may come off easily. When it sticks too 
fast, the paste may remain on the window glass 
even after the label has been removed. 

(3) Damp-proofness 
Use the shielding label in an environment whose 
humidity falls within the specified allowable 
humidity range. Today there are few shielding 
labels that can meet all environmental require- 
ments established for the EPROM. So a 
suitable one must be chosen for each specific 
application. 
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mi MASK ROM PROGRAMMING INSTRUCTION 


The writing of the custom program code into the 
mask ROM is performed by the CAD system using a 
large-sized computer. You should submit the data of 
the ROM code in conformity with the specification 
explained below by either Floppy Disk, EPROM or 
magnetic tape. In addition, enter your instructions 
such as the chip select, in the ““ROM Specification 
Identification Sheet” and attach it to the ROM code 
data. 


1. Specification of EPROM 
(1) You should submit the three set of the EPROM 
stored Data and spesify the address of the 
EPROM in case of the two or four EPROMS. 
(2) The ROM Code data is input from the start 
address to Final Address in the EPROM. 
(3) Type of EPROM 
HN462716 (2K-word x 8-bit, 2716 Compatible) 
HN462532 (4K-word x 8-bit, TMS2532 Com- 
patible) 
HN462732 (4K-word x 8-bit, 2732 Compatible) 
HN482764 (8K-word x 8-bit, 2764 Compatible) 
HN4827128 (16-K word x 8-bit, 27128 Com- 
patible) 


2. Specification of Magnetic Tape 

2.1 Use the following type of magnetic type which 
can be entered in a magnetic tape device which is 
compatible with the IBM magnetic tape device. 


(1) Length .... 2,400 feet, 1,200 feet or 600 feet 
(2) Width s-).os.a ka bee mre es a 1/2 inch 
(3) Channel .....-- 0-2 eee ee ees 9 channels 


(4) Bit density 800 BPI or 1,600 BPI (Clear- 
ly state which it is in the 
“ROM Specification !nden- 
tification Sheet’’.) 

2.2 Use the EBCDIC code as the use code. 

2.3 Make the format of the magnetic tape as de- 
scribed below. 


(1) No leading tape mark 


(2) No label 
(3) Recordsize ........-2-:5 80 byte/1 record 
(4) Block size .........--. 10 records/1 block 


(5) The end of the file should be indicated by 2 
successive tape marks (TM). 

2.4 Ensure that the magnetic tape becomes of 1 

roll for each chip. Since extending the single-chip 

portion over several rools is impermissible, submit 

by compiling into the single-chip portion for each 


roll. 
Block 1 Block 2 


Block 3 


2.5 Data Mode 

2.5.1 HMCS6800 Load Module Mode 

This mode is the object mode output from the 

assembler of HMCS6800. 

(1) Divide the 8 bit code into the upper and lower 
4 bit codes and convert each into hexadecimal 
notation. 

(Example) The code of 1100 0110 becomes as 

follows under binary notation. 


(Upper 4 bits) (Lower 4 bits) Bit weight 
D, D, D,; D, D, D, D, Dy (ROM output 
1 1 0 0 01 1 0 equivalence) 


(2) The actual load module mode becomes as 
shown below. 


Header 
record 


Record Start 


Record Type 


Byte Count 


Address Size 


Data 


Data 


Data 


Check Sum 


Data End of 


record file record 
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$$ __________ Mask ROM Programming Instruction 


SO indicates the head of the file and S9 indicates the 
end of the file. The actual data enters following $1. 
It means that the data starts from the address 
(hexadecimal) indicated in the address size. The 
address of the address size of the data recorder is 


Example 


Data Record 


Data Record 
End of 


File Record >S9D030000FC 


(3) In case the address is skipped, perform entry 
into the ‘ROM Specification Identification 
Sheet’’ that the skipped address, and the data 
(00 or FF) entered into the skipped address by 
hexadecimal notation. 

2.5.2 BNPF Mode 

(1) One word is symbolized by the word start 
mark B, the bit content represented by 8 char- 
acters of P and N, and the BNPF slice com- 
posed of successive 10 characters of the work 
end mark F. 

(2) The contents from F of one BNPF slice up to 
B of the next BNPF slice are ignored. 

(Example) The code of AA by hexadecimal 
notation is symbolized as shown 
below. 

(3) It is necessary to designate the bit pattern 
(BNPF slice) on all ROM addresses. Therefore, 
the term of the ROM head address of ‘ROM 
Specification Identification Sheet’ always be- 


comes 0. 

a Indicates start of 1 word. 
\ Indicates ‘‘O"’ of 1 bit data. 
Pisses eee cena, Indicates ‘’1”’ of 1 bit data. 
Foe eee eee ee ee Indicates end or 1 word. 
Example 


TY nthe RE ln, Eo De 


WALA UATE 


Header Record 7S00B000058204558414D504CB5 
~SII3FOO0O07EF5587EF7897EFAA77EF9CO7EF9C47E24 
7S1LI2FOl10FA657EFA8B7EFAAO7EF9DC7EFA247E06 


compared with the next data recorder address by 
counting in increments of 1 byte of the data and 
checking whether it is sequential or not. The printed 
example of the HMCS6800 load module mode is as 
shown below. | 


3. Specification of Floppy Disk 

3.1 Use the following type of Floppy Disk 

(1) Type . 8 Inch Single Sided and Single Density. 
(2) Number of Sector................. 26 
(3) Number of Track ................. 77 


Sector 26 
} Sector 01 
/ ra ~ Sector 02 


Sector 03 


oY 


WAS Ss ==2 


\\ \ yet, ) 
iy] 
es ZY 


Sector 16 


Track 74 © 


Track 00 ‘ 
(Index: Track) 


3.2 Use the EBCDIC code as the use code. 

3.3 Make the format of the floppy disk as des- 
cribed below. 

(1) Composition 


Location 
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Mask ROM Programming Instruction <a O 


(2) Recordsize .........-.-- 80 byte/1 record 3.4 Data Mode 
(3) Use the sector as below. Use one sector for one See 2.5 
record, that is 80 bytes out of 128 bytes used 
for one record. 


1 Track ’ 

| Sector | Sector 2 Sector 3 canoe ot Sector 25 Sector 26 
— ——— _ ss aa —- ; 

(128 bytes) (128 bytes) (128 bytes) 


q 


b~at- feat 
(128 bytes) (128 bytes) (128 bytes) 


Record 26 
(80 bytes) 


Record 25 
(80 bytes) 


Record 24 
(80 bytes) 


(80 bytes) (80 bytes) (80 bytes) 


— 
7 
Record 1 Record 2 Record 3 J 
VP 


ROM Code “Customer 
poN | ROM Code Part Number’ 
Chip Select 


Select Either and Other 
of the three Information 


Mask Preparation 
Instruction 


Mask Preparation 
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DATA 
onEETD 


SsEsEESEEEEEEEEeEe 


MOS STATIC RAM 


Seeman er 


HM6148H-35, HM6148H-45, 
HM6148H-55, HM6148HP-35, 
HM6148HP-45, HM6148HP-5S5 


1024-word x 4-bit High Speed Static CMOS RAM 


M@ FEATURES HM6148H Series 
@ Fast Access Time .........--+ ee eee 35/45/55ns (max) 
@® Low Power Standby and Low Power Operation; 

Standby: 100 pW (typ.), Operation: 175mW (typ.) 

Single 5V Supply 

Completely Static RAM: No Clock or Timing Strobe Required 
No Peak Power-On Current 

No Change of tacs with Short Deselected Time 

Equal Access and Cycle Times 

Directly TTL Compatible; All Inputs and Outputs 

Common Data Input and Output; Three-State Outputs 

Pin-Out Compatible with Intel 2148H HM6148HP Series 


BLOCK DIAGRAM 


(DG -18) 


A,o ee =) 
Aso > oe 0 Vec 
Avo pia Row Memory Array =—o GND 
ee es Decoder 64 X64 
Avo >a: 
Aso > Es 

I/O. 0 i> 


1/0: © 


Input 
Data 
Control 


Cea Gd 
IX 2s ZS ZS 


> 
Ga 


I/Os U i> 
eee 
1/0, ° ry 


ae 
a 
A 
<4 


m PIN ARRANGEMENT 


i i x hi re 
(Lb a 
CS 0 FO ss 
wEo—t4_) 
@ ABSOLUTE MAXIMUM RATINGS 

Item Symbol Ratings Unit 
Terminal Voltage * Vr —0.5 to +7.0 Vv 
Power Dissipation Pr 1.0 W 
Operating Temperature Tse 0 to +70 ZG 
Storage Temperature (Plastic ) Tstg —55 to +125 C 
Storage Temperature (Ceramic ) —65 to +150 ce 
Storage Temperature ** Thins —10 to +85 iC 
* with respect to GND. Vit win =—3.5V (Pulse width =20ns) eer View) 


* %* under bias 


M@ TRUTH TABLE 


Reference Cycle 
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HM6148H-35, HM6148H-45, HM6148H-55, 
HM6148HP-35, HM6148HP-45, HM6148HP-55 


Mi RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


[Soe [aT 


Supply Voltage 


Input Voltage 


* —3.0V (Pulse width 20ns) 


MDC AND OPERATING CHARACTERISTICS[1] (Ta=0~70°C, Vec=5V+10%. GN 


9 


Parameter Test Conditions min | typ ma Unit | Notes 
Input Leakage Current Vec=max, V;z=GND to Vec Pe eo A 


= 
| 

co) 

S 


Output Leakage Current CS=Via, Vivo=GND to Vec 


Operating Power Supply Current (1) Wi aleee ol CS= Vin, I, o=0mA | — | 35 | 
Operating Power Supply Current (2) min. cycle, CS=Vi1, I;,0o=0mA 


Standby Power Supply Current (1) 


on 
b> 
ww 


Let 
” 
& 
a 
a 
i 
= 
= 
Boe 
nm | oO 
S.|:o 


Standby Power Supply Current(2) 


Output Low Voltage 
Output High Voltage 


Notes) 1. Typical limits are at Vec=5.0V, Ta=+25°C and specified loading. 
2. 120mA max. for HM6148HP-35 


MI CAPACITANCE (7a=25°C, f=1MHz) 


Note) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 
@RISE/FALL TIME 


Item Unit 


Input Rise Time 


Input Fall Time 


@AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 


Input rise and fall times: 5ns 
Input and Output timing reference levels: 1.5V 
Output load: See Figure 


SY av 


480Q 4ROQ 


Dout Dout 


255Q 30pF° 255Q Sue 


Output Load A: Output Load B t,=t;=5ns 


(for tuz,txiz, twz, tow) Input Pulse Waveform 


* Including scope & jig. 


@ HITACHI 47 


HM6148H- 35, HM6148H-45, HM6148H-55, 
HM6148HP- 35, HM6148HP- 45, HM6148HP-55 


MAC CHARACTERISTICS (Ta=0 to 70°C, Vec=5V+10%, unless otherwise noted. ) 


@READ CYCLE 
HM6148HP-35 HM6148HP-45 HM6148HP-55 . 
nit 


Item Symbol 


Address Access Time taa Tf a | - | # | - | 5 ns 
Output Hold from Address Change tou Pook Se oe ee ee ns 
Chip Selection to Output in Low Z biz” ra | — | w | - | w | - | ns 
ae oe ee es 
Chip Selection to Power Up Time tpu a ee a ns 
Chip Deselection to Power Down Time tpp r= | o | — | » | - | » | ns 


%* Transition is measured +500mV from high impedance voltage with Load(B). This parameter is sampled and not 100% tested. 
At any temperature and voltage condition t#z max is less than ?zz min. 


@ TIMING WAVEFORM OF READ CYCLE NO. 1‘) 


Y VY 
Dout /\ /\ Data Valid 


@ TIMING WAVEFORM OF READ CYCLE NO.2‘?“ 


— tre 
CS 
tuz 
Dout High Impedance 26e Cia High 
Pee tpp Impedance 
Tec 
Vec supply  ——-— TT Tr ge Sas 
current 50% 50% 
Isp 


Notes) 1. WE is High for Read Cycle. __ 
2. Device is continuously selected, CS= Vir. 
3. Address Valid prior to or coincident with CS transition Low. 
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HM6148H-35, HM6148H-45, HM6148H-55, 
HM6148HP-35, HM6148HP-45, HM6148HP-55 


@WRITE CYCLE 


HM6148H /P-35 HM6148H /P -45 HM6148H /P-55 
Item Symbol Unit 
max 


* Transition -is measured +500mV from high impedance voltage with Load B. 
This parameter is sampled and not 100% tested. 
@ TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 
we 
poe ) y 
ee <\oKS AL LAPT 
taw 
tas twp Q 
NJ 
WE KAY 
(5) 
ton 
4 \/ 
Din OK KOO 
(3) (5} 
twz 
Dout High Impedance 
@ TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS Controlled) 
twec 
hadcess Oe ae nee ee ee 
: a 
WE ee ee 
FF ANU OU ANY ANU ANG AG OU OG OG, Fa NU AN V ANY ANU ANG, 
Din XXKKKKKKXKOO et CX IAN AALZS XX 
High Impedance “4) 
Dout 
NOTES of Timing Waveform of Write — — 
1, A write occurs during the overlap of a low CS and a low WE. (twp) 
2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state. 
5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs 
must not be applied to them. 
6. Dout is the same phase of write data of this 
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HM6148HLP-35, HM6148HLP-45, 


HM6G148SHLP-55 


1024-word x 4-bit High Speed Static CMOS RAM 


mi FEATURES 

@ Low Power Standby and Low Power Operation; 
Standby: 5uW (typ.), Operation: 175mW (typ.) 

@ Fast Access Time: 35/45/55ns (max) 

®@ Capability of Battery Back Up Operation 

@ Single 5V Supply 

@ Completely Static RAM: No Clock or Timing Strobe 

Required 

No Peak Power-On Current 

No Change of tacs with Short Deselected Time 

Equal Access and Cycle Time 

Directly TTL Compatible: All Inputs and Outputs 

Three State Output 

Pin-Out Compatible with Intel 2148H 


@ BLOCK DIAGRAM 


—e—0O Vec 


~—=—o GND 


1/0, o 


Column I/O 
Column Decoder 


I/O: © 


Data 
Control 


I/O; 9 


—0.5 to +7.0 


Terminal Voltage * 


Power Dissipation 1.0 


Operating Temperature 0 to +70 


—5§5 to +125 


Storage Temperature 


Storage Temperature ** 


% with respect to GND. Vie ma =—3.5V (Pulse width = 20ns) 
* * under bias. 


MM TRUTH TABLE 


piensa 


(DP -18) 


@ PIN ARRANGEMENT 


(Top View) 


1/O Pin 


Reference Cycle 
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Read Cycle 1, 2 


Write Cycle 1, 2 


HM6148HLP-35, HM6148HLP-45, HM6148HLP-55 


Mi RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Supply Voltage 


Input Voltage 


* —3.0V (Pulse width 20ns) 


MDC AND OPERATING CHARACTERISTICS[1] (Ta=0~70°C, Vec=5V+10%, GND=0V) 


Parameter Symbol Test Conditions 


Input Leakage Current lTus | Vec=max, Viz=GND to Vec 
Output Leakage Current lIro| | CS=Via, Vipo=GND to Vec 


Unit Notes 
A 


w - 

BOGE 
nm |v 
o|o 

3 Rr] ER 
> 


Operating Power Supply Current (1) Tec CS= Vin, li,o=0mA A 

Operating Power Supply Current (2) Tee min. cycle, CS= Viz, [)-0=0mA | — | 50 | 100 (2) 

Standby Power Supply Current (1) Isp 5 
CS2 Vec—0.2V, VinS0.2V or 

Standby Power Supply Current (2) Ts) Vive Vec—0.2V 1 Es 

Output Low Voltage Vor Io. =8mA =a 


bo 
~— 


Output High Voltage Vou Ton=—4.0mA 


Notes) 1. Typical limits are at Vec=5.0V, Ta=+25°C and specified loading. 
2. 120mA max. for HM6148HLP-35 


MB CAPACITANCE (Ta=25°C, f=1MHz) 


Note) This parameter is sampled and not 100% tested. 


max Unit 


F 
E 


sl) 
cw |UD 


MAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C) 
@RISE/FALL TIME 


Item 


Input Rise Time 


Input Fall Time 


@AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times: 5ns 
Input and Output timing reference levels: 1.5V 
Output load: See Figure 


SV sv 
480 4k 
Davut Dout 


255Q 30pF° 2532 3pF° 
OV 


Qutput Load A Qutput Load B t-=t,;~5ns 


‘for tuz,tziz, twz, tow! Input Pulse Waveform 


* Including scope & jig. 
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HM6148HLP- 35, HM6148HLP-45, HM6148HLP-55 


MAC CHARACTERISTICS (Ta=0 to 70°C, Vec=5V+10%, unless otherwise noted. ) 
@READ CYCLE 


HM6148HLP-35 HM6148HLP-45 HM6148HLP-55 
Item Symbol 


Read Cycle Time irc | 38 fo 


Address Access Time AA 


7 ee 


Output Hold from Address Change 


Chip Selection to Output in Low Z tiz* 


Chip Deselection to Output in High Z tuz* 


Chip Selection to Power Up Time tpu ae 


Chip Deselection to Power Down Time 


* Transition is measured +500mV from high impedance voltage with Load(B). This parameter is sampled and not 100% tested. 
At any temperature and voltage condition tyz max is less than tzz min. 


@ TIMING WAVEFORM OF READ CYCLE No.1 °°? 


Address 


Dout 


CS 
Dout High Impedance High 
1h Impedance 
Vcc supply  ———— — — — — - — oe a ae 


current 


Notes) 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS= Vii. 
3. Address Valid prior to or coincident with CS transition Low. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM6148HLP-35, HM6148HLP-45, HM6148HLP-55 


@WRITE CYCLE 


HM6148HLP-35 HM6148HLP-45 HM6148HLP-55 


ns 


ns 


ns 


Data Valid to End of Write | 2% | ~ | » | = |» | = | ns 
Write Enabled to Output in High Z* twz 0 | w | o | wo | o [| 2m | ns 
Output Active from End of Write * | te | o | =~ | o | - fF oo | — | ns 


* Transition is measured +500mV from high impedance voltage with Load B. 
This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 


two 


cS <\o PLT RL LE 


Address 


High Impedance 


Dout 


@ TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS Controlled) 


twe 


Address EEE 


| = 


EP COCCOCOCOCOCOOCOS ee KXXX 


High Impedance (4) 


Dout 


Notes of Timing Waveform of Write : 

1. A write occurs during the overlap! ofta low CS and a low WE. (twp) 

2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain in a high impedance state. 
5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 
6. Dout is the same phase of write data of this write cycle. 
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HM6148HLP-35, HM61 48HLP-45, HM6148HLP-55 


MLOW V.c DATA RETENTION CHARACTERISTICS (0°C STaS70C) 
Vcc for Data Retention 20 | - | — 4] V 
Data Retention Current = 


Chip Deselect to Data Retention Time 


Operation Recovery Time 


Note) 1. trc=Read Cycle Time. 


DATA RETENTION MODE 
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HM614°7H-35, HM6147H-45, 
HM614'°7H-55, HM614 7HP-35, 
HM6147HP-45, HM6147HP-55 


4096-word <1-bit High Speed Static CMOS RAM 


MIFEATURES HM6147H-35, HM6147H-45, 
@ High Speed: Fast Access Time 35ns/45ns/55ns Max. HM6147H-55 
@ Low Power Standby and Low Power Operation, 
Standby: 100uUW typ., Operation: 150mW typ. 
@ Single 5V Supply and High Density 18 Pin Package 
@ Completely Static Memory — No Clock nor Timing Strobe 
Required 
No Peak Power—On Current 
No Change of ta cs with Short Chip Deselect Time 
Equal Access and Cycle Time 
Directly TTL Compatible — All Input and Output 
Separate Data Input and Output: Three State Output 
Plug-In Replacement with Intel 2147H NMOS STATIC RAM 


MBLOCK DIAGRAM 


HM6147HP-35, HM6147HP-45, 
HM6147HP-55 


Ai e | see Vee 
Are >a: Memory Array 

64 x 64 
As > as ———o GNI 
\ > 
\6 >a 
Ao > a 


(DP-18) 


Dout 


PIN ARRANGEMENT 


As Aa As Ag Aro Ans 


MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin relative to GND —3.5*to +7.0 V 


DC Output Current aE 


W 
Operating Temperature c 
Storage Temperature (under bias) 7 °C 
Ee 
C 


Power Dissipation 


{Top View) 


Storage Temperature (Ceramic) —65 to +150 
-55 to +125 


Storage Temperature ( Plastic) 


* Pulse Width 20ns, DC : —0.5V 


@ HITACHI 55 


HM6147H-35,HM61 47H-45,HM61 47H-55,HM61 47HP-35,HM61 47HP-45,HM61 47HP-55 


HERECOMMENDED DC OPERATING CONDITIONS (0°C STaS70° ) 


Parameter bo! 


N 
<< 


Supply Voltage 


Go 


Input High (logic 1) Voltage 


Input Low (logic 0) Voltage Wie alae tc dee er 


* Pulse Width 20ns, DC : —0.5V 


BIDC AND OPERATING CHARACTERISTICS (0°C STaS70°C, Vec=5V+10%, GND=O0V) 


Input Leakage Current Vec=5.5V, GND to Vcc 


Output Leakage Current CS=Vin, Vor=0V~ Vec 


Operating Power Supply Current (1) Tec CS=Vir, Output open | -— | 3 | 
CS=Vi., Minimum Cycle | = | 


tb é 
5° — 


Operating Power Supply Current (2) 


bomeg 
QQ 
fo 


Standby Power Supply Current (1) Isp CS=Vin, Vec=Min to Max 


Standby Power Supply Current (2) I CS2Vec—0.2V, 
andby Power Supply Curren Sat ei a 


Output Low Voltage L To. =8mA 


Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute. 
2. Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 


F 


MBAC TEST CONDITIONS 


Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns Dout 
Input timing reference levels: 1.5V Output Load A 
Output load: See Figure 
Output timing reference levels: 1.5V (HM6147H/P-35) 

0.8 to 2.0V (HM6147H/P-45/55) 


330Q 


rf 
> 


— 


—_ 
o]o 


800 


x 
fale 


510Q 


30pF * 


* Including scope & jig capacitance 


Output Load B 


BECAPACITANCE (7a=25°C, f=1.0MHz) 


Note) This parameter is sampled and not 100% tested. 
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Veo 


510 


Unit 
pF 
pF 


HM6147H-35,HM6147H-45,HM6147H-55,HM61 47HP-35,HM61 47HP-45,HM6147HP-55 
MAC CHARACTERISTICS (Ta=0°C to 70°C, Vec=5V+10%, unless otherwise noted.) 


@ READ CYCLE 
Symbol 


Parameter Unit Notes 


Read Cycle Time 


— 
Vy 


Address Access Time 
Chip Select Access Time tacs 
Output Hold from Address Change 
Chip Selection to Output in Low Z 
Chip Deselection to Output in High Z 
Chip Selection to Power Up Time 


Chip Deselection to Power Down Time 


@ TIMING WAVEFORM OF READ CYCLE NO.1‘°? 


tre 


Address 


Data Out Previous Data Valid Data Valid 


@ TIMING WAVEFORM OF READ CYCLE NO.2‘?“” 


CS 
High Impedance \/ \/ : High Impedance 
Data Out /\ (| 
Vcc Supply OTT 
Current 


Notes: 1. All Read Cycle timings are referenced from last valid address to the 
first transitioning address. 
2. At any given temperature and voltage condition, 442 max. is less than 
tiz min. both for a given device and from device to device. 
3. Transition is measured +500mV from steady state voltage with 
specified loading in Load B. 
WE is high for READ Cycle. 
Device is continuously selected, CS=V7L.- 
Addresses valid prior to or coincident with CS transition low. 
. This parameter is sampled and not 100% tested. 


DAP 
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HM6147H-35, HM6147H-45, HM6147H-55, HM6147HP-35, HM6147HP-45, HM6147HP-55 


@WRITE CYCLE 


Parameter 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enabled to Output in High Z 


Output Active from End of Write 


HM6147H /P -35 HM6147H/P-45 HM6147H/P -55 
min | mee | in| 


op) 
te 
3 
— 
2. 


[mx 
ae ee oe 
i {= [| - [* [= | «6 | - [ol 
Pe [oo [ = [oe | = |» | = fe 
ee ae ae (ae ee ae ee EY 
fom [  [ - [os | - | oe f - | 
ae eae a ee ee 
fee [oo fo foo fs Too | ef 
oe ee ee a a 


@ TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 


Address 


twe 


ee 
== 


. Wt 


Data In 


Data Out 


Sa 
Wy 
(aD 


High Impedance 


Data Undefined 


@ TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 


Address 


two 


ie eee: 


twe 


= “TV Uk 
ananassae 


Data In 


Data Out 


Notes: 


ton 


| Data In Valid 


(uz 


Data Undefined High Impedance 


Note) CS or WE are High for Address Transition 


. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 


_ All Write Cycle timings are referenced from the last valid address to the first transitioning address. 


1 
2 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4 


. This parameter is sampled and not 100% tested. 
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Unit Notes 


(3), (4) 
(3), (4) 


HM6147H-35, HM6147H-45, HM6147H-55, HM6147HP-35, HM6147HP-45, HM6147HP:55 


ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE 


2 E 
rs 2 
y Rs 
2 a 
< 
Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY 
1.3 


Ta=25C 
Vcc =MIN 


Access Time taa,tacs (Normalized) 


Supply Current Ic¢c2 (Normalized) 


0.9 
ae 5 10 15 20 25 30 
Load Capacitance Ci (pF) Frequency f (MHz) 
INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 


Input Low Voltage Vit (Normalized) 
Input High Voltage Vix (Normalized) 


Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
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HM6147H-35,HM6147H-45,HM6147H-55,HM61 47HP-35,HM6147HP-45,HM6147HP-55 


OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE 


Output Current [ow (Normalized) 
Output Current Io. (Normalized) 


Output Voltage Vow (V) Output Voltage Vor (V) 


STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 


Ta=25C 
CS= Vec —0.2V 


Standby Current Isai (A) 
Standby Current Isai (Normalized) 


Ambient Temperature Ta (°C) Supply Voltage Vcc (V) 


STANDBY CURRENT VS. INPUT VOLTAGE 


Standby Current JsBi (Normalized) 


Input Voltage Vis (V) 
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HM6147HLP-35, HM6147HLP-45, 


HM614’°7HLP-S5 


4096-word <1-bit High Speed Static CMOS RAM 


MFEATURES 
@ High Speed: Fast Access Time 35ns/45ns/55ns Max. 
@ Low Power Standby and Low Power Operation, 
Standby; 5uW typ., Operation: 150mW typ. 
@ Single 5V Supply and High Density 18 Pin Package 
@ Completely Static Memory — No Clock nor Timing Strobe 
Required 
No Peak Power—On Current 
No Change of t, cg with Short Chip Deselect Time 
Equal Access and Cycle Time 
Directly TTL Compatible — All Input and Output 
Separate Data Input and Output: Three State Output 
Plug-In Replacement with Intel 2147H NMOS STATIC RAM 
Capable of Battery Back up Operation 


MEBLOCK DIAGRAM 


Ale >a 


——o Veo 
Ae >a Row Memory Array 
Decoder 64 x 64 
As ¢ > a = ——o GND 
Ar © >a 
Ac 4 >a: 
Ao @ > a 


Column 1/0 > 0 Wout 
Colu mn Decoder 


TAWA 


Az Ae As Ag Aro Ant 


M ABSOLUTE MAXIMUM RATINGS 


Item Rating 


Voltage on Any Pin relative to GND —3.5* to +7.0 
DC Output Current 
Power Dissipation 
0 to +70 
—10 to +85 


—55 to +125 


Operating Temperature 


Storage Temperature (under bias) 


: 
4 
pws 
So 


Storage Temperature Tatg 


* Pulse Width 20ns. DC : —0.5V 


MERECOMMENDED DC OPERATING CONDITIONS (0°C =ToS70C ) 


Parameter 
Supply Voltage 


Input High (logic 1) Voltage 
Input Low (logic 0) Voltage Vit 


* Vit min=—3V (Pulse width S 20ns) 


© 
x 
= 
> 
0) 
z 


(DP-18) 


MPIN ARRANGEMENT 


(Top View) 


[sa [ss 
ee 
ey ee 
ey a a 
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55 


MDC AND OPERATING CHARACTERISTICS (0°CST7aS70°C, Vec=5V+10%, GND=O0V) 


Input Leakage Current Vec=5.5V, GND to Vec | - | - | w | pA 
Output Leakage Current CS=Vin, Var=0V~ Vec FP o=- | = [10 | bA 
Operating Power Supply Current (1) | dee | CSV, Output open P= | 30 [80 mA 
Operating Power Supply Current (2) | tec: | CS=Vi, Minimum Cycle | — | 40 | 80, mA 


Standby Power Supply Current (1) Tsp CS=Vin, Vec=Min to Max Fo - | 5s [| 15 | mA 


CS2 Vec—0.2V, 
Vin=0.2V or Vin2 Vec—0.2V 


Ce ee ae 


Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
2. Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 


Vec 

MAC TEST CONDITIONS . 
@ Input pulse levels: GND to 3.0V ae 
@ Input rise and fall times: 5 ns yeni 
@ Input timing reference levels: 1.5V Output Load A 
® Output load: See Figure 3309 ce 
@ Output timing reference levels: 

1.5V (HM6147HLP-35) 


0.8 to 2.0V (HM6147HLP-45/55) * Including scope & jig capacitance 


Vec 
510Q 
Output Load B Dow 
3302 SpF 
MECAPACITANCE (Ta=25°C, f=1.0MHz) 


Input Capacitance C.. V..=0V a ae pF 


Output Capacitance ea Vir =0V 


Standby Power Supply Current (2) 1 100 HA 


lee) 
7) 
& 


Output Low Voltage Vor 
Vou 


Output High Voltage 


Note) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Ta=0°C to 70°C, Vec=5V+10%, unless otherwise noted.) 
@ READ CYCLE 


HM6147HLP-35 HM6147HLP-45 HM6147HLP-55 
aie ve win [mee [min [mex | in mee [| NS 
Address Access Time taa | = [| 3 | 


on 
on 
rn 
— 
Vy 


Chip Select Access Time 

Output Hold from Address Change te | Se ee es Se ae | 
or ae ee ee a ee ero 
Chip Deselection to Output in High Z tuz | 0 | 30 | (2), (3), (7) 


Chip Selection to Power Up Time 


Ww 
(om) 
ew 
o 


Chip Deselection to Power Down Time 


HE 
Uv 
S 
BR 
Oo 
iy] 
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55 


@ TIMING WAVEFORM OF READ CYCLE NO.1“°° 


Address 


Data Out Data Valid 


High Impedance 


[\_L\ 


Data Our 


Vec Supply 


Current 


Notes: 1. All Read Cycle timings are referenced from last valid address to the 
first transitionining address. 
2. At any given temperature and voltage condition, tz max. is less than 
'1Z min. both for a given device and from device to divice. 
3. Transition is measured +500mV from steady state voltage with 
specified loading in Load B. 
WE is high for READ Cycle. 
Device is continuously selected, CS=V 77. 
Addresses valid prior to or coincident with CS transition low. 
This parameter is sampled and not 100% tested. 


eh da 


@WRITE CYCLE 
| HM6147HLP-35 | 35 HM6147HLP-45 HM6147HLP-55 


Parameter Symbol a Unit Notes 
Address Valid to End of Write fw | 3 | — | #6 | — | 6 | = |as, 
Write Enable to Output in High Z | tz | 0 | 2 | o | 23 | 0 | 30 | as | (3), (4) 
Output Active from End of Write ftw | o | — | o | — | o | = Jas | (3), (4) 
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55 


@ TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 


twe 


a , = 


Data Out Data Undefined 
High Impedance 


@ TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 


Notes: 


twe 


: eae 


o PR ns ee 
(ame ae aeaial 


ton 


Data In I 
Data In Valid 


twz 


Address 


Deta Undefined High Impedance 


If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
Transition is measured +500mvV from steady state voltage with specified loading in Load B. 

This parameter is sampled and not 100% tested. 


WN = 


MILOW Vic DATA RETENTION CHARACTERISTICS (Ta=0T to +70) 


Vec f Data R ti cSe ae 
t 
PTT ee ay GT Vin aa 2V or VinS0.2V 
Vec=3.0V, CS22.8V 
Data Retention Current Tccpr 
Vin22.8V or VinS0.2V 


Chip Deselect to Data Retention Time 
See Retention Waveform 
Operation Recovery Time ae irc* 


Unit 


< 


ns 


* tec=Read Cycle Time. 


@LOW Vc DATA RETENTION WAVEFORM 


64 


Data Retention Mode 


Vec 


OVr--- ctr rr oor Cero oC oo oro error ooo or er or er er er ee eee eee ee ee ee 
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HM6116-2, HM6116-3, HM6116-4"—— 
HM6116P-2, HM6116P-3, HMG11GP-4 


2048-word < 8-bit High Speed Static CMOS RAM 


MIFEATURES | HM6116-2, HM6116-3, 
@ Single 5V Supply and High Density 24 Pin Package HM6116-4 
@ High speed: Fast Access Time 120ns/150ns/200ns (max.) 
@ Low Power Standby and Standby: 100uW (typ.) 
Low Power Operation Operation: 180mW (typ.) 
@ Completely Static RAM: No clock or Timing Strobe Required 
@ Directly TTL Compatible: All Input and Output 
@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 
@ Equal Access and Cycle Time 


MIFUNCTIONAL BLOCK DIAGRAM 


Me b> ame 0 te 
Row Memory Matrix — = 4) OND 
Decoder 
128X128 
wo p> ames 


HM6116P-2, HM6116P-3, 
HM6116P-4 


pee | 
1//OO Column 1/0 f p 
e 

' | 
1/OsQ 1! 

, | 

Hee (DP-24) 

oF MIPIN ARRANGEMENT 

ae 
WEO 
So 


MEABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 


Voltage on Any Pin Relative to GND 0.5" to: 7120 Vv 
Operating Temperature 0 to +70 


C 
Storage Temperature (Plastic) SG; 
Storage Temperature (Ceramic) °C 
Temperature Under Bias °C 
Power Dissipation W 


* Pulse Width 50ns : —3.5V 


(Top View! 
MTRUTH TABLE 
Sa Se ne 
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HM6116-2,HM61 16-3,HM61 16-4,HM61 16P-2,HM61 16P-3,HM61 1 6P-4 


BERECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Supply Voltage 
eas 


* Pulse Width: 50ns, DC: Vit min=—0.3V 


IDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=OV, Ta=0 to +70°C) 


I Symbol T d HM6116/P-2 HM6116/P-3/-4 
tem ym est Conditions 
typ* max | typ* 


Input Leakage Current | Ir | Vec=5.5V, Vin=GND to Vec 


CS=Vin or OE= Vin, 
Vio=GND to Vec 


Icc CS=Vin, ILo =0mA 


cr | ten 
I, o=0mA 

Average Operating Current Tcc2 

CS2Vec—0.2V, Vis2Vec 

—0.2V or V,,30.2V 


ro" 


~ ~ 


Output Leakage Current | Tro | 


_ 
So 


bmg 
io} 
ioy 


Standby Power Supply 


Current Isai 


Output Voltage 


Le) 
rs 


Vor 
Von 


* Veco=5V, Ta=25°C 
** Reference Only 
MBAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C, = 100pF (including scope and jig) 


@READ CYCLE 


= ve min [mae min Tmax | in| 
Read Cycle Time 


Address Access Time 


> & ) 
>» fo) 
ome 
iy) 
So 
— 
on 
(an) 
i) 
oS 
[) 


Chip Select Access Time tacs | iz | — | 150 | 

Chip Selection to Output in Low Z | tuz | w | - [| 3 | - [ 8 | 
Output Enable to Output Valid | te =| -— | 80 | -— [| 1 | — | 120 
Output Enable to Output in Low Z | tue | 109 | -— | 1 [| -— | 5 | 


Chip Deselection to Output in High Z tcuz 


poo | oo | le To 
Chip Disable to Output in High Z touz | o | « | o | 50 | 
ee i ee ee 


Output Hold from Address Change 
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— 


— 
nn 


Unit 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


— HM611 6-2,HM61 16-3,HM61 16-4,HM61 16P-2,HM61 16P-3,HM61 16P-4 


@®WRITE CYCLE 


HM6116/P-2 HM6116/P-3 HM6116/P-4 Unit 
ni 


BECAPACITANCE (f=1MHz, Ta=25'°C) 


Input Capacitance 


Input/Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


TIMING WAVEFORM 
@ READ CYCLE (1)‘” 


= Un YYTTZZ 


s WW : MVZTAZZ 


Out tcLz 
00 GED 6.0 
@ READ CYCLE (2) (1) (2) (4) 


Address 


taa 


ton 


Dout 


@ READ CYCLE (3)‘'’?’“ 


1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = V7,. 

3. Address Valid prior to or coincident with CS transition Low. 
4. OE = VIL. 


@ HITACHI 67 


HM61 16-2,HM61 16-3,HM61 16-4,HM61 1 6P-2,HM61 1 6P-3,HM61 16P-4 


WRITE CYCLE (1) 


Address 


> 
™m 


a 


Dout 


@WRITE CYCLE (2)‘” 


Address 


Din 


NOTES: 


68 


NAKA 
SS 


tONZ a (1) 


SSN 
EO A A 


two 


twr(2) 


Vt A ea 
IN: 


twaz—~{(3) (6) (7) 
VLANNNNNNV\V VN NN tow LN\INL NIN 
(LLL LLL LL LL LS CW VINVS\/ 
tow {DH 


— 


. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. twR is measured from the earlier of CS or WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 

transitions or after the WE transition, output remain in a high im- 

pedance state. 

OE is continuously low. (OE = V7) 

Dout is the same phase of write data of this write cycle. 

Doyt is the read data of next address. 

If ts is Low during this period, I/O pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 

not be applied to them. 


GID 
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Supply Current Icc,Jcc2( Normalized) 
Access Time taa,tacs (Normalized) 


Access Time taa,tacs (Normalized) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


ACCESS TIME 
vs. SUPPLY VOLTAGE 


Supply Voltage Vec (V) 


ACCESS TIME 
vs. LOAD CAPACITANCE 


Load Capacitance Cr (pF) 


HM61 16-2,HM61 16-3,HM61 16-4,HM61 1 6P-2,HM61 16P-3,HM61 16P-4 


Supply Current Icc,/cocz {Normalized ) 


Access Time taa,tacs (Normalized) 


Supply Current Iccz (Normalized) 


@ HITACHI 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 
16 


Ambient Temparature Ta ('C: 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Ambient Temperature Ta (‘C' 


SUPPLY CURRENT 
vs. FREQUENCY 


Frequency f{ (MHz) 
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HM61 16-2,HM61 16-3,HM61 16-4,HM61 1 6P-2,HM61 1 6P-3,HM61 16P-4 


LOW INPUT VOLTAGE HIGH INPUT VOLTAGE 
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE 


E F 

z s 

= = 

: : 

: 

5 2 

Supply Voltage Vcc (V) Supply Voltage Vcc (V) 

OUTPUT CURRENT OUTPUT CURRENT 
vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE 

: i 

2 2 


Output Voltage Vow (V) Output Voltage Vor (V) 
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HM6116FP-2, HMG6116GFP-3, 
HM61iIGFP-4 


2048-word x 8-bit High Speed Static CMOS RAM 


MFEATURES 

@ High Density Small-Sized Package 

@ Projection Area Reduced to One-Thirds of Conventional DIP 

@® Thickness Reduced to a Half of Conventional DIP 

@ Single 5V Supply 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
@ Low Power Standby Standby: 100u.W (typ.) 
@ Low Power Operation; Operation: 180mW (typ.) 
@ Completely Static RAM: No clock nor Timing Strobe Required 
@ Directly TTL Compatible: All Input and Output 

@ Equal Access and Cycle Time 

MIFUNCTIONAL BLOCK DIAGRAM 


mC > aan 
Row Memory Matrix 
Decoder 
128X128 
we > ae ; 
1/010 ie i) Column 1/0 


Input 
Column Decoder 


MPIN ARRANGEMENT 


Data 


Control 


i (Top View) 
5 Det 

e 

i (ee 


Voltage on Any Pin Relative to GND V 
Operating Temperature °C 
Storage Temperature Cc 
Temperature Under Bias °C 
Power Dissipation W 


* Pulse Width 50ns: —3.5V 


MTRUTH TABLE 


[WE fe Gl 


QO 
Sr te ere 
) 
mI 
= 
rH 


CC 
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HM61 16FP-2,HM61 1 6FP-3,HM61 16FP-4 


MERECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Output Enable to Output Valid 


ns 


ns 


Supply Voltage 
agin GND OD eee 
Input Volt 
* Pulse Width: 50ns, DC: Viz min=—0.3V 
HIDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=0V, Ta=0 to +70°C ) 
ee Be HM6116FP-2 HM6116FP-3/-4 Se 
tem ymbo est Conditions nit 
pmin [type | max [min [type | max 
CS=Vi or OE=V, 
Operating Power Supply ee ae ea 
Current Icci** eck aaa ae 35 30 mA 
ILo=0mA 
nie ee in eee 
Standby Power Supply = 
CS2 Vec—0.2V, Viua2Vec 
Current Tse: mA 
—0.2V or V,.S0.2V 
Lon=—1.0mA Pak er eee 
* Vec=5V, Ta~25°C 
*%* Reference Only 
MIAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 
@®READ CYCLE 
HM6116FP-2 HM6116FP-3 HM6116F P-4 * 
“ rmvel [min [mae [min [max | min [max | 
Chip Selection to Output in Low Z tcLz = 15 | — {| ow | — | ns 


toe 
Output Enable to Output in Low Z 
Chip Deselection to Output in High Z 
Chip Disable to Output in High Z | tone | 
Output Hold from Address Change | tow 


ib | 
i " zi 
—_ 
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ns 


ns 


ns 


HM6116FP-2,HM61 1 6FP-3,HM61 16FP-4 


@WRITE CYCLE 


—pet=tee 
a= 
<a 


Item Symbol 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 

Write Pulse Width 


io) 
So 
So 


iy] 
Oo 


Pd 
Oo 


1 
] 


~~ 
>» 


1 


ioe] 
oO 


Write Recovery Time 


— 
i) 


~~ 
> 
n 
DO 
fn) 


Output Disable to Output in High Z touz 


pene 


Write to Output in High Z twuz 
Data to Write Time Overlap 
Data Hold from Write Time 


—_ 


~ 
jw} 
=x 


| 0 | 
a ee 
Fo = | oo 0 
ee el 


Output Active from End of Write 


~ 
i>) 
= 


MECAPACITANCE (f=1MHz, Ta=25°C) 


Item Symbol Test Conditions 


Vio=0V 


Input Capacitance 


2) 


ay 
co) 


Input/Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


TIMING WAVEFORM 
@ READ CYCLE (1)°"’ 


Address 


= YAY MVTZZZ 


tor 


7 Wey | 7772 
oa 


lacs | 
Jout iad 
; XX XX) 


@ READ CYCLE (2)‘”‘?’“*® 


= 
7 


Address 


Dout 


@ READ CYCLE (3)‘”*?’“” 


aS 


Dout 


NOTES: 1. WE is High for Read Cycle. — 
2. Device is continuously selected, CS = V7. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE = Viz. 
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Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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HM6116FP-2,HM6116FP-3,HM6116FP-4. AA 


TIMING WAVEFORM 
@ WRITE CYCLE (1)°” 


Address 


S 


e SANNA 
w ga 


3 
tonz - (1) 


Dour NNN SSS 
SLLLL LS 


tpn tou 


Din 


@WRITE CYCLE (2)°’ 


two 


TL y VIV7ZITLZ 
r WAAR 


(wz (3) 


nauk WREERERERSEER. i SAINTS 
MS SF ME SE SD, DIP 


tow ton (8) 


io) 
S: 


NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. twr is measured from the earlier of CS or WE going high to the end 

of write cycle. 

3. During this period, I/O pins are in the output state so that the input 

signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high 
impedance state. 

OE is continuously low. (OE = V7z) 
Dout is the same phase of write data of this write cycle. 
. Doyt is the read data of next address. 

If es is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 


GOI Din 
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Supply Current Icc,/cc2( Normalized) 


Access Time taa,tacs (Normalized) 


Access Time taa,tacs (Normalized ) 


HM61 16FP-2,HM61 16FP-3,HM61 1 6FP-4 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


‘Supply Current Icc,Jccz( Normalized) 


Supply Voltage Vcc iV) Ambient Temperature Te (‘C) 
ACCESS TIME ACCESS TIME 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Access Time taa,tacs (Normalized)! 


Supply Voltage Veco i Vi Ambient Temperature Ta ‘‘C; 


ACCESS TIME SUPPLY CURRENT 
vs. LOAD CAPACITANCE vs. FREQUENCY 


Supply Current [ec2( Normalized) 


Load Capacitance Ci (pF Frequency f (MHz) 
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HM6116CG-2, HM6116CG-3, 
HM6116CG-4 


2048-word x 8-bit High Speed Static CMOS RAM 


Mi FEATURES 

@ Single 5V Supply and High Density 32 pin-Leadless-Chip Carrier 

@ High speed. Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 100uW (typ.) 
Low Power Operation Operation: 180mW (typ.) 

® Completely Static RAM: No Clock or Timing Strobe Required 

@ Directly TTL Compatible: All Input and Output 


@ Equal Access and Cycle Time 


—EFUNCTIONAL BLOCK DIAGRAM eae 
AiO 
MPIN ARRANGEMENT 
Memory Matrix Ar; NC NC NC Veo NC NC 
r 131 2 tit Bat 
128X128 ag hs sa] 
Ar © 463 yx | Ag 
ry Gale 7 yNC 
ate WE 
1/00 PP i Column 1/0 ae Oe DE 
ADs Ato 
H ati as 
\ q ae ic 
— iN | 1 Of 133 ry. 
1/03 © > 
a f Oo} O3GND NCE Og) OsE Os 
| ilo | (Top View) 
OE O a O we 
ag 
fa 
CS © i e rH 


Voltage on Any Pin Relative to GND V 
Operating Temperature CG 
Storage Temperature C 
Temperature Under Bias —10 to 85 ge 
Power Dissipation 1.0 W 


* Pulse Width 50ns: —3.5V 


METRUTH TABLE 


Read Grete 8 


Write Cycle (2) 


oo ioe seas 
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| MIRECOMMENDED DC OPERATING CONDITIONS (Ta~0 to +70C) 


Input Voltage : 


* Pulse Width: 50ns, DC: Vic min=—0.3V 


MDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND~=OV, Ta=0 to + 70°C ) 


HM6116CG-2 
Item Symbol! Test Conditions 


ingue Ieakage. Coccent View 55. END 10. Ves 


. CS=Vin or OE= Vin, 
Output Leakage Current fio l : 
V; vo=GND to Vee 


CS = Vin, if vo=OmA 


HM6116CG-3/-4 


o 
< 
ao} 

* 


— 
So 


0 


— — 3 
Ol} 


io) 
an 


a 

< 

S 

* 

| fal s lelé 
Co; G&S {Ol 


> 


Operating Power Supply ; coed 
a 1H=3.5V, Vi. =0.6V. 
Current 30 30 
ae ped ad af 2 
Average Operating Current Teco Min. cycle, duty = 100% | -— | aw] 0 | — | 3] 7 | 
Current 0.02 ES 0.02 
Pee eae eee ee 
Output Voltage es Tu; =2.1mA | = | 0 | 
=e 


x 
= 
— 
cS 
ead 

| 

{ 
rr 
oS 
3 
> 
nN 
= 
BO 
_— 


* Veo=5V, Ta = 25°C 
** Reference Only 


MBAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 


@READ CYCLE 


3 
S pb 


‘ ane HM6116CG-4 
em ymbo 

cae wae : 
Read -Cyéte: Time hue 120 | ~ | wo | — | 200 
= z 


Ly] 
oS 
So 


Chip Select Access Time tacs | zo | — | 150 | 
Output Enable to Output Valid te | — | 0 | — 100 =| = — | 120 
Output Enable to Output in Low Z loz | 1 | — | 15 ae 


or 
(>) 


Chip Deselection to Output in High Z 
Chip Disable to Output in High Z 
Output Hold from Address Change 


— 

oO 
ial 
. 


~~ 
cS 
xz 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
nS 


ns 


HM61 16CG-2,HM6116CG-3,HM6116CG-4 
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HM6116CG-2,HM6116CG-3,HM61 16CG-4 


@WRITE CYCLE 


Unit 


Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High Z touz 
Write to Output in High Z 

Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write 


_ 
bo 
So 
3 
n 


~~ 
fo) 
= 
~y 
: 

i 

iy 

fom) 

— 

r-s 

Oo 

=] 

wn 


ps 
oO 


a) 
So 
— —_ 
[a] [a] 
o— | 
o;o 
=} — 
wn n 


BECAPACITANCE (f=1MHz, Ta=25°C) 


Note) This parameter is sampled and not 100% tested. 


MITIMING WAVEFORM 
@ READ CYCLE (1)°” 


- Wom MYTTZZ 


tor ton 


s WN a Ow SEITE: 


@® READ CYCLE (2)‘”‘?’*” 


trac 


Address 


taa 


ton 


Dout 


@ READ CYCLE (3)‘’**’“”’ 


1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = V7,. 

3. Address Valid prior to or coincident with CS transition Low. 
4. OE = VIL- 
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WRITE CYCLE (1) ‘" 


Address 


~ 
— 


Dout 


@WRITE CYCLE (2)‘” 


Address 


Dout 


NOTES: 


twe 


> 
TIP = 


MSS: 
Bows. 


tonz 


(2) 


tup 


SSSNSSNS NSN 
CLL I 


twe 


twr(2) 


Coo ITVS SST LD 


KAS 


ton 


twuz (3) (6) (7) 
SSN SSNANANNNVNV YVAN ton CVINLN ZN 
CLI SLL IS LS TLL TS VZI'NIV7 
tow tow 


(8) 


- A write occurs during the overlap (twp) of a low CS and a low WE. 

- fwrR is measured from the earlier of CS or WE going high to the end 
of write cycle. 

3. During this period, 1/O Pins are in the output state so that the input 

signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 

transitions or after the WE transition, output remain in a high im- 

pedance state. 

OF is continuously low. (OE = V7;) 

Dout is the same phase of write data of this write cycle. 

Doyt is the read data of next address. 

If ey is Low during this period, I/O pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 

not be applied to them. 


N — 


DID A 
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HM6116CG-2, HM6116CG-3, HM6116CG-4 
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HM6116L-2, HM6116L-3, 
HM6116L-4 


2048-word x 8-bit High Speed Static CMOS RAM 


MFEATURES 

@ Single 5V Supply and High Density 24 Pin Package 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
Low Power Standby and Standby: 20uUW (typ.) 

@ Low Power Operation; Operation: 160mW (typ.) 

@ Completely Static RAM: Noclock nor Timing Strobe Required 

e Directly TTL Compatible: All Input and Output 

@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 

e@ Equal Access and Cycle Time 

e Capability of Battery Back up Operation 


MFUNCTIONAL BLOCK DIAGRAM 


ALO > ae —-—0 Kec 

Row ienubunes a 
\ \ ce Lux 128 mM PIN ARRANGEMENT 
»o—$_ x 


ee Column 1/0 
Column Decoder 
Bi Rl 


[\K—— LA 


Od > 


Input 


Data 


Control 


1/00 S 
[hs 


5 


e 
i i Top View) 


M ABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 
Voltage on Any Pin Relative to GND 
Operating Temperature 
Storage Temperature Tstg —65 to +150 
Temperature Under Bias 
Power Dissipation a ee eae Fe 


* Pulse Width 50ns: —3.5V 


SIAL OlOl< 


MTRUTH TABLE 


Read Cycle (1)~(3) 


[Write [tee «iin dite yee 


Write Cycle (2) 
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HM6116L-2,HM6116L-3, HM6116L-4 


Mi RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


ie MT a 
Supply Voltage 


Input Voltage 


* Pulse Width: 50ns, DC: Vic min=—0.3V 


MDC AND OPERATING CHARACTERISTICS (Vec=5V +10%, GND=OV, Ta=0 to +70°C) 


HM6116L-2 
Item Symbol Test Conditions 
typ 


Input Leakage Current Vec=5.5V, Vin=GND to Vec 


CS=Vin or OF=Viu, 
Output Leakage Current Vi o=GND to Vec 


CS=Vin, I: o=OmA 
Operating Power Supply 


Cucrent fen st Vin =3.5V, Vit =0.6V, 
I; o=OmA 
Average Operating Current min. cycle, duty = 100% 
i 
Standby Power Supply = 


=Vin 
Current ieee CS2Vcc —0.2V, Vine Vec a 
0.2V or V..S0.2V 
Output Voltage ! To. =2.1mA 


* > Veco =5V, Ta =25°C 
* * ° Reference Only 


HM6116L-3/-4 
Unit 


| 
~ 
< 
* 
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> 


7 
ata 


s [| 
se 
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oS 
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MAC CHARACTERISTICS (Vec=5V +10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 


@READ CYCLE 


Item Symbol Unit 


eo 
= 
= 
—y 
fo,) 
™ 
SS 
= 
= 
= 
a 
im 
ws 
— 
= 
an 
_— 
a 
= 


Read Cycle Time 


ns 


a ee 


ns 


Address Access Time 


Chip Select Access Time tacs 


tre 
Laa 

fp taes 

Chip Selection to Output in Low Z | tuz {| 0 | -— | 5 | — | 5 | ns 
Output Enable to Output Valid | to =| — | 8 | — | wo | — | 120 ns 
Output Enable to Output in Low Z | oi | | ns 


Chip deselection to Output in High Z ten |. 


Chip Disable to Output in High Z tonz 


Output Hold from Address Change tou 


oy 
on 


ns 


ns 


ns 


on 
. 
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HM61 16L-2,HM61 16L-3,HM6116L-4 


@WRITE CYCLE 


Item 


Write Cycle Time 


Chip Selection to End of Write 


Address Valid to End of Write 
Address Set Up Time 
Write Pulse Width 


Write Recovery Time 


Output Disable to Output in High Z touz 


Write to Output in High Z 
Data to Write Time Overlap 
Data Hold from Write Time 


Output Active from End of Write 


ME CAPACITANCE (f=1MHz, Ta=25°C) 


Item 
Input Capacitance 


Input/Output Capacitance 


[Syatet_[___Towt Gondins ——«ee 
ae ee 


Note) This parameter is sampled and not 100% tested. 


TIMING WAVEFORM 
@Read Cycle (1) ‘'’ 


Address 


~ 
= 
7m 


Dour 


tne 


se 
Tk MVTZZZ 


tap low 


os a AV SLALL 
7 


tacs 


eee 
OK 


@Read Cycle (2) ‘' °’‘*’ 


Address 


Dout 


@ Read Cycle (3) CV) C3)» (4) 


Cs 


Dout 


NOTES: 
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1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = V7,. 

3. Address Valid prior to or coincident with CS transition Low. 
4. OE = Vib. 
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Unit 
pF 
pF 


HM61 16L-2,HM61 16L-3,HM6116L-4 


@Write Cycle (1) twe 
dE 
cS 
WE 


Dout \S_-S-S-S-S-SN 
CL / 


two 


@Write Cycle (2) °° 


Address 


ppammen Zt 


ee SON LIV ITLL 


twa 3) (6) (7) 
Dout \ AON NNN ON ANN oe LN\TVNLN 
(ie (EE SE ie a a a VZAINLZAZ 
low ton 
(8) 


NOTES: 


. A write occurs during the overlap (twp) of a 


low CS and a low WE. 


. twR is measured from the earlier of CS or WE 


going high to the end of write cycle. 


. During this period, I/O pins are in the output 


State so that the input signals of opposite 
phase to the outputs must not be applied. 


. If the CS low transition occurs simultaneously 


with the WE low transitions or after the WE 


ee 


transition, output remain in a high impedance 


State. 


OE is continuously low. (OE = V7;) 
Dout is the same phase of write data of this 
a cycle. 

t is the read data of next address. 
a is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


Vcc for Data Retention 


Data Retention Current 


Chip Deselect to Data Retention Time 


Operation Recovery Time 


* Vii.=—0.3V min. 


*K tac= 


Read Cycle Time. 


@®Low Vcc Data Retention Waveform 


Test Conditions 


Data Retention Mode 


CS2 Vor—0.2V 
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HM61 16L-2,HM6116L-3,HM6116L-4 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current Icc,lcc2 (Normalized) 
Supply Current Icc,Icc2(Normal ized) 


Supply Voltage Vcc (V) Ambient Temperature Ta (‘C) 


ACCESS TIME vs. ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time taa,tacs( Normalized) 
Access Time taa,tacs (Normalized) 


Supply Voltage Vcc (V) Ambient Temperature Ta (‘C) 
ACCESS TIME vs. SUPPLY CURRENT vs. 
LOAD CAPACITANCE FREQUENCY 


Access Time taa, tacs( Normalized) 
Supply Current [cc2(Normalized) 


Load Capacitance Ci (pF) Frequency f (MHz) 
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Low Input Voltage Viz(Normalized! 


Output Current /ow( Normalized) 


Standby Current Isai (A) 


LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 


Supply Voltage Vec ‘V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 


Output Voltage Vow (V) 


STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (‘C) 


High Input Voltage Vin( Normalized) 


Output Current loz (Normalized} 


Standby Current Isai(Normalized) 
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HM61 16L-2,HM61 16L-3,HM6116L-4 


HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 


Supply Voltage Veco (V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 


Output Voltage Vor. (V3 


STANDBY CURRENT vs. 
SUPPLY VOLTAGE 


Supply Voltage Vcc (V} 
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HM61 16L-2,HM61 16L-3,HM6116L-4 


STANDBY CURRENT vs. 
INPUT VOLTAGE 


Standby Current Isai (mA) 


Input Voltage V,, (V) 
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HM6G116LP-2, HMGIi6LP-3, 
HM6116LP-4 


2048-word <x 8-bit High Speed Static CMOS RAM 


MFEATURES 

@ Single 5V Supply and High Density 24 Pin Package 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 10uW (typ.) 
Low Power Operation; Operation: 160mW (typ.) 

@ Completely Static RAM: No clock nor Timing Strobe Required 

@ Directly TTL Compatible: All Input and Output 

@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 

@ Equal Access and Cycle Time 

@ Capability of Battery Back up Operation 


MIFUNCTIONAL BLOCK DIAGRAM 


Row 
Decoder 


1/O0O 


——O Vee 


M@ PIN ARRANGEMENT 


Memory Matrix 


——O GND 


128 X 128 


1:03: © 


(Top View) 


HM ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to GND | Vr V 
Operating Temperature | y Bre iC 
Storage Temperature Tata ic 
Temperature Under Bias Tava: C 
Power Dissipation _?Pr W 


* Pulse Width 50ns: —3.5V 


MTRUTH TABLE 


f 
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HM6116LP-2,HM61 1 6LP-3,HM61 1 6LP-4 


MM RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


{HH 
LL 


7 


Supply Voltage 
pees 


V 
Input Voltage 
V 


* Pulse Width: 50ns, DC: Vic min= -0.3V 


4.5 


LS) 
i) 
w 
: << 
an no] 


| 
w 
So 

* 


Unit 


< 


<i< 


MDC AND OPERATING CHARACTERISTICS (Vec=5V +10%, GND=OV, Ta=0 to +70°C) 


HM6116LP-2 
Item Symbol Test Conditions 
typ 


Input Leakage Current | Tur | Veco =5.5V, V.n=GND to Vec 


CS=Vim or OE=Vin, 
V; o =GND to Vec 


CS Vin, I; o=OmA 


yp 


Output Leakage Current | [io | 


Ww 
oS 


35 


~) 
me) 


Toc 
Operating Power Supply 
Current Tec ** 


Vin =3.5V, Vit =0.6V, 
I; v=OmA 


Average Operating Current Tec: min. cycle, duty = 100% 
V 


C 
0. 


35 


— 
bo 


Standby Power Supply 


Current ae c —0.2V, Viaa2Vec — 


S2Vc 
2V or V..S0.2V 30 


w 
Nn o 
* 


Output Voltage . Toc=2.1mA 
| Vou Ton =—1.0mA 2.4 


< 
= 
é 


* > Ver =5V, Ta =25°C 
* * ° Reference Only 


MAC CHARACTERISTICS (Vec=5V 410%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and C, = 100pF (including scope and jig) 


@READ CYCLE 


HM6116LP-3/-4 


3 
x 


a 


Oo | & 


~) 
oO 
i) 
Cs 
wi 
3 
> 


Address Access Time 7 eee 
Chip Select Access Time | tas | 120 fF = | 150 | — | 20 | 
McicmcCmnine | tar | ih | =) 16) 
Output Enable to Output Valid | ome =| — | 8 | — {| 10 | -— | 120 | 
Output Enable to Output in Low Z | tue | to | — { a [| -— [| 1 | — | 
Chip Deselection to Output in High Z | tee | 0 | 4 | 0 {| 50 | 0 | oo | 
Chip Disable to Output in High Z | stove | 0 | 40 | 0 | so | 0 | 6 | 
Output, Hold: trom Addness Change | tw =| to | OU Gt fl Tt 
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Unit 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High Z 
Write to Output in High Z 

Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write 


Mi CAPACITANCE (f=1MHz, 


Item 
Input Capacitance 


Input/Output Capacitance 


HM6116LP-4 


HM6116LP-3 


~ 
= 
fon 


—N 
we 
. 3 
cs 
0 
[om] 


~Q 
la) 


taw 


“} bo 
i) 


~ ~~ ~~ 
= > 
=x w 
N 

wo 
on on Se ) 

uo 
oO 


wee | me 
o;o 


Ta=25C ) 


ec. [vw | 3s | 5 
7 


Vio =0V R) 


Note) This parameter is sampled and not 100% tested. 


BTIMING WAVEFORM 
@Read Cycle (1) ‘'’ 


Address 


= WX 


Deut 


CT )9 (2 )_ C4) 


@Read Cycle (2) 


Address 


Dout 
CT 9 (3 )5 (4) 


@Read Cycle (3) 


CS 


Dout 


NOTES: 


pene 


ee. 


top tom 


AV SLALL 


a7 


lacy 


(crs 


00 GED 6.6 


WE is High for Read Cycle. 

Device is continuously selected, CS =Vy7,. 

Address Valid prior to or coincident with CS transition Low. 
OE = VIL- 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 
pF 
pF 


HM6116LP-2,HM61 16LP-3,HM61 1 6LP-4 


89 


HM61 16LP-2,HM61 16LP-3,HM61 16LP-4 


@Write Cycle (1) twe 


S Os 
a BANAN: 


tonz Ad ) 


Dost S\N NSS 


Address 


JS //LLLS 
@Write Cycle (2) “’ twc 
twr(2) 
s YAW WIV ILS LLL. 


. ALK ; 


tw2e4i3) ee (7) 
. GeBEaERaReReen se LAVIN 
_ TI LSLLALSIALLLALS DI 
(pw Dy 


Din 


NOTES: 1. A write occurs during the overlap (twp) of a 

low CS and a low WE. fae. ate 

2. twr is measured from the earlier of CS or WE 
going high to the end of write cycle. 

3. During this period, I/O pins are in the output 
state so that the input signals of opposite 
phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously 


with the WE low transitions or after the WE 


nun 


transition, output remain in a high impedance 
State. 


_ OE is continuously low. (OE = Vz ;) 


Dout is the same phase of write data of this 
write cycle. 

Doyt is the read data of next address. 

If CS is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C | 


Item 


Vcc for Data Retention 


s 


Data Retention Current 


* 10HA max at Ta=0T to +400, Vi; min=--0.3V 
* * tx, =Read Cycle Time. 


@Low Vcc Data Retention Waveform 


Data Retention Mode 


CS 2 Vcc —0.2V, Vin2Vec —0.2V or Vi. S0.2V 


| min | 
Vec=3.0V, CS22.8V, Vi. 22.8V or V..$0.2V ea 30 
Eee 
ee 


Chip Deselect to Data Retention Time 0 
See Retention Waveform 
Operation Recovery Time ote | trco** 


CS2 Vor -0.2V 
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V 

MA 
= as 
oe ns 


Supply Current Icc,lccz (Normalized) 


Access Time taa,tacs(Normelized) 


Access Time taa, tacs( Normalized) 


HM61 16LP-2,HM61 16LP-3,HM61 1 6LP-4 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current Icc,Icc2( Norma] i zed) 


Supply Voltage Vcc (V} Ambient Temperature Ta (‘C) 
ACCESS TIME vs. ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time taa,tacs (Normalized) 


Supply Voltage Vcc (V) Ambient Temperature Ta (‘C) 
ACCESS TIME vs. SUPPLY CURRENT vs. 
LOAD CAPACITANCE FREQUENCY 


Ta=25°C 
Vcc=MIN 


Supply Current Iccz( Normalized) 


Load Capacitance Cy (pF) Frequency f (MHz) 
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HM6116LP-2,HM6116LP-3,HM61 16LP-4 


LOW INPUT VOLTAGE vs. HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Low Input Voltage Vir( Normalized) 
High Input Voltage Via (Normalized) 


Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output Current lon( Normalized) 
Output Current Jor( Normalized) 


Output Voltage Vow (V) Oytput Volvage Vo. (V) 
STANDBY CURRENT vs. STANDBY. CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Standby Current Isa: (A) 
Standby Current Isai(Normalized) 


Ambient Temperature Ta (‘C) Supply Voltage Vcc (V) 
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Standby Current Isa: (mA) 


STANDBY CURRENT vs. 
INPUT VOLTAGE 


Input Voltage V,. (V) 
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HM61 1 6LP-2,HM61 1 6LP-3,HM61 16LP-4 
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HM6116LFP-2,iMG116LFP-3,  —— 


HM611GLFP-4 


2048-word x 8-bit High Speed Static CMOS RAM 


MFEATURES 

@® High Density Small-sized Package 

@ Projection Area Reduced to One-Thirds of Conventional DIP 

@ Thickness Reduced to a Half of Conventional DIP 

@ Single 5V Supply 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 1OuW (typ.) 
Low Power Operation; Operation: 160mW (typ.) 


Completely Static RAM: No Clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Equal Access and Cycle Time 

Capability of Battery Back up Operation 


MFUNCTIONAL BLOCK DIAGRAM 


a0 ee 
Row Memory Matrix 
Decoder 
128128 
re > eal 


Column I O 


Column Decoder 


Moke ie 


1/08 © 


Voltage on Any Pin Relative to GND V 
Operating Temperature \ eer °C 
Storage Temperature Tit: G 
Temperature Under Bias IC 
Power Dissipation W 


* Pulse width 50ns: - 3.5V 
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MPIN ARRANGEMENT 


(Top View) 


HM6116LFP-2,HM61 16LFP-3,HM61 1 6LFP-4 


MTRUTH TABLE 


MRECOMMENDED DC OPERATING CONDITIONS (To=0 to +70°C) 


V 
Supply Voltage ; 


V 


* Pulse Width: 50ns, DC: Vi, min= -0.3V. 


O 
so oa a fae 
| 

; 


MDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND=OV, Ta=0 to +70°C) 


HM6116LFP-2 HM6116LFP-3/-4 
Item Svmbol Test Conditions oat Unit 
yp 


p 


- 
< 
* 


su cae Ng a ON 
Output Leakage C OTe i ca 2 A 
t t L t LO . 
ERE Segre Vi o=GND to Vec : 


Lee | 
in) 
nN 
w 
on 


~) 
am] 


Operating Power Supply 
perating Power Supply Vin=3.5V, Vit =0.6V, 


I; o=OmA 
Average Operating Current Min cycle, duty=100% 


Current Tec ** 


Ww 
o G 
NS oo 
se E 
3 
> 


a 
W 
ow 
Lo) 
-l8 
min 
nm] oO 
LoS) 
eS 
3 
> 


Standby Power Supply 


ae . : / = i “ po [=] 2] 0 
Current spy 2 50 2 HMA 
iu. —0.2V or V,.S0.2V 
ij, pe ee oe ee ee , 
[Yor [m= ba P= pe ee 


OVE =5V, Ta=25°C 
* * > Reference Only 


MAC CHARACTERISTICS (Vcc=5V+10%. Ta=0 to +70°C ) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and CL = 100pF (including scope and jig) 


@READ CYCLE 


HM61161LFP-2 HM6116LFP-3 HM6116LFP-4 ; 
Item Symbol Unit 


Oe en OS a 
Output Hold from Address Change | tw =| 10 | — | 15 — | is fo ns 
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HM61 16LFP-2,HM61 1 6LFP-3,HM61 16LFP-4 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High Z 
Write to Output in High Z 

Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write 


HM6116LFP-2 
| max 

a ae 
ae 
POF ifs ee) 
eed 
Eee 
ae 
x= = 


2 
20 
l 
1 


HM6116LFP-4 


Symbol 


twe 


~“ 
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— 
So 
on 
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~ ~ ~ 
o > 
=x = cv u = 
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touz 


twuz 
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w 
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200 
120 
140 
20 
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10 
50 
pe etd 
fest ait Secs 
ae ce 
Hewes Bee ee 


0 


MICAPACITANCE (f=1MHz, Ta=25'C) 


Item 
Input Capacitance 


Input/Output Capacitance 


Test Conditions 
Vin=0V 
V; o=0V 


Symbol 


eg MO 


Ci o 


Note) This parameter is sampled and not 100% tested. 


BTIMING WAVEFORM 
@READ CYCLE (1)‘” 


Address 


Dout 


@READ CYCLE (2) ‘?°? 


Address 


Dout 


@READ CYCLE (3) (1) (3) (4) 


Dout 


NOTES: 


96 


Ti 
ANT 


—— tt 


i aed 


tom 


AV LLAL 


top 


tals 


1. WE is High for Read Cycle 


2. Device is continuously selected, CS= Vy, 

3. Address Valid prior to or coincident with CS 
transition Low. 

4. OE= Vir. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


@WRITE CYCLE (1) 


Address 


Dout 


@WRITE CYCLE (2) 


Address 


Dout 


NOTES: 1. A write occurs during the overlap (twp): of a 


low CS and a low WE. 


2. twp is measured from the earlier of CS or WE 6. 


going high to the end of write cycle. 


3. During this period, I/O pins are in the output 7. 
state so that the input signals of opposite 8. 


phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously 
with the WE low transitions or after the WE 
transition, output remain in a high impedance 


MLOW Vic 


Item 


Vcc for Data Retention 


2 


Data Retention Current 
Chip Deselect to Data Retention Time 
Operation Recovery Time 


* Vi. min=—0.3V, 104A max (at Ta=0 to +40T) 
* *® tro=Read Cycle Time. 


@Low Vic DATA RETENTION WAVEFORM 


Data Retention Mode 


Vec=3.0V, CS2=2.8V 
Vin22.8V or Vins0.2V 


See Retention Waveform 


HM6116LFP-2, HM6116LFP-3, HM6116LFP-4 


se VAY LTVITITLL 
sseneeeen tease 


state. mes 
5. OE is continuously low. (OE = Vin) 


Dout is the same phase of write data of this 
write cycle. 

Doyt is the read data of next address. 

If es is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 


DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


[Symbol [___Test Conditions [win 


CS2Vcc—0.2V 
Vin2Vcc—0.2V or VinS0.2V 


typ Unit 
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HM611G6AP- 12, HMG116AP-15, 
HM611G6AP-20, HM6116ASP- 12, 
HM611GASP- 15, HM611GASP-20 


2048-word x 8-bit High Speed Static CMOS RAM 

«s FEATURES 

@ High speed: Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 100uW (typ.) 

Low Power Operation Operation: 15mW (typ.) (f = 1MHz) 
Single 5V Supply and High Density 24 Pin Package 

Completely Static RAM: Noclock or Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Pin Out Compatible with Standard 16K EPROM/MASK ROM 

Equal Access and Cycle Time 


HM6116AP Series 


HM6116ASP Series 
BBFUNCTIONAL BLOCK DIAGRAM 


Memory Matrix 


128x128 


Voltage on Any Pin Relative to GND ~0.5* to +7.0 V 


Operating Temperature C 
Storage Temperature Taig C 
Temperature Under Bias s&s 
Power Dissipation a ee W 
* Pulse Width 50ns > —3.5V (Top View) 
MTRUTH TABLE 
H 
L fee | Din | Write Cycle (2) 
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HM61 16AP-12,HM61 16AP-15,HM6116AP-20 


HM6116ASP-12,HM61 16ASP-15,HM61 16ASP-20 


GERECOMMENDED DC OPERATING CONDITIONS (7a=0 to +70°C) 


Supply Voltage 
ponies ee 
Input Voltage 


* Pulse Width: 50ns. DC: Vic min= 0.3V 


= DC AND OPERATING CHARACTERISTICS (Voc = 5V +10%, GND = OV, Tg = 0 to +70°C) 


HM6116AP/ HM6116AP/ HM6116AP/ 
Item Symbol Test Condition ASP-12 ASP-15 ASP-20 Unit 
typ* | max typ*| max 
Input Leakage rr Voeo=5.5V, Vin =GND ms — 9) pA 
Current LT to Veco 
Output Leakage Urol | Co > Vi ot OE=Vin, z 2 | pA 
Current LO V1jo=GND to Voc 
Vin = Ving or Viz, 
Operating Power 
Supply Current Vin=Vec, Viz =0V, 
CS= Vit ; 3 mA 
T7790 =90mA, f=1MHz 
Average Operating min. cycle, 20 | 35 A 
Current duty = 100% o 
Standby Power CS=Vin Eevee mA 
Supply Current CS>Voc -0.2V ss 0.02 mA 
Tou =4mA | T= = [eal y 
Output Voltage 
You | lon=-l0ma ea EZH xan ee 
* Voc=SV, T4 =25°C 
MAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and Cy = 100pF (including scope and jig) 
@® READ CYCLE - 
HM6116AP/ HM6116AP/ HM6116AP/ 
i i max i 
Read Cycle Time tre — ns 
Address Access Time tAA 150 ns 
Chip Select Access Time tacs 150 ns 
Chip Selection to Output ir Low Z toLz — ns 
Output Enable to Output Valid tor 60 ns 
Output Enable to Output in Low Z toLz — ns 
Chip Deselection to Output in High Z tCHZ 50 ns 
Chip Disable to Output in High Z 50 ns 
Output Hold from Address Change toH — ns 
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HM61 16AP-12,HM61 16AP-15,HM61 16AP-20 
HM61 16ASP-12,HM61 16ASP-15,HM61 16ASP-20 


@ WRITE CYCLE 


HM6116AP/ HM6116AP/ HM6116AP/ 
Item Symbol ASP-12 ASP-15 ASP-20 Unit 

min max 
Write Cycle Time twe 120 - ns 
Chip Selection to End of Write tow 70 — ns 
Address Valid to End of Write taw 105 _ ns 
Address Set Up Time tas 0 — ns 
Write Pulse Width twp 70 — ns 
Write Recovery Time twrR 0 — ns 
Output Disable to Output in High Z tOHZ 0 40 ns 
Write to Output in High Z twHz 0 35 ns 
Data to Write Time Overlap tow 35 _ ns 
Data Hold from Write Time ton 0 ~ ns 
Output Active from End of Write tow 10 — ns 


MECAPACITANCE (/=1MHz, -Ta=25°C ) 


Item = eee 
Input/Output Capacitance ae iaa0v fd 
Note) This parameter is sampled and not 100% tested. 


MITIMING WAVEFORM 
@READ CYCLE (1)°” 


=) 
"rj 


Address 


TAA 


SSAA i Ow 


‘OH 


| AYZ7AT 
sx 


@READ CYCLE (2)‘’°?‘” 


Address 


@ READ CYCLE (3)‘?°?“” 


1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = V7. 

3. Address Valid prior to or coincident with CS transition Low. 
4. OE= Viz- 
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@WRITE CYCLE(1) 


Address 


@WRITE CYCLE (2)‘” 


Address 


Dout 


Din 


NOTES: 


HM61 16AP-12,HM61 1 6AP-15,HM61 16AP-20 
HM6116ASP-12,HM61 16ASP-15,HM6116ASP-20 


NUSUUUN 


A 


YY 


tOHZ 


VSSNSSVS-53 
SLLLLLS 


twe 


twR [2] 


WES. LIVI SLATS 


AY oe 
TNNNNNN YY NN VY OW TNA 


CLLLLL LLL LLL VZV. LZAZ 


CONAW 


t pw lDH 


[8] 


. A write occurs during the overlap (twp) of a low CS and a low WE. 
- twR is measured from the earlier of CS or WE going high to the end 


of write cycle. 


. During this period, I/O pins are in the output state so that the input 


signals of opposite phase to the outputs must not be applied. 


. If the CS low transition occurs simultaneously with the WE low 


transitions or after the WE transition, output remain in a high im- 
pedance state. 


. OF is continuously low. (OE = V;,) 
- Dour is the same phase of write data of this write cycle. 
- Donut is the read data of next address. 

fC 


is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116 ALP- 12, HMG11IGALP- 15, 
HM6116 ALP-20, HMG11IGALSP- (2, 
HM6116 ALSP- 15, HMG1i1GALSP-20 


2048-word X 8-bit High Speed Static CMOS RAM 
= FEATURES HM61116ALP Series 
@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 5uW (typ.) 

Low Power Operation; Operation: 10mW (typ.) (f = 1MHz) 
Capability of Battery Back up Operation 

Single 5V Supply and High Density 24 Pin Package 

Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Pin Out Compatible with Standard 16K EPROM/MASK ROM 

Equal Access and Cycle Time 


MFUNCTIONAL BLOCK DIAGRAM 


—_——O be 
Memory Matrix Sag ENG. 


}2R% 128 


Column | 0 


Column Decoder 


1/O,0 


= 

jo) 

a ee eee! 
i] 
1 
1 
1 

} 

Ser 


M ABSOLUTE MAXIMUM RATINGS 


Item Unit 


Voltage on Any Pin Relative to GND V 
Operating Temperature 5 o 
Storage Temperature °C 
Temperature Under Bias Eo 
Power Dissipation | Pr Of W (Top View) 


* Pulse Width 50ns : —3.5V 
MTRUTH TABLE 
| == Mode Vee Current 1/O Pin | Ref. Cycle 
Iss, Isai 
Icc 


Read Cycle (1)~(3) 


a a a Write [ee «din ——*d:CWirite CeO 


Write Cycle (2) 


O 

riei[e| xg 
x 

‘i 
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HM61 16ALP-12,HM61 16ALP-15,HM61 16ALP-20 
HM6116ALSP-12,HM61 16ALSP-15,HM61 16ALSP-20 


Mi RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Supply Voltage 


Input Voltage 


* Pulse Width: 50ns, 


Item 


DC: Vic min=—0.3V 


7 YO 


@ DC AND OPERATING CHARACTERISTICS (Voc = SV + 10%, GND = OV, T, = 0 to +70°C) 


Item 


Input Leakage 
Current 


Output Leakage 
Current 


Operating Power 
Supply Current 


Average Operating 


Current 


Standby Power 
Supply Current 


Output Voltage 


Symbol Test Condition 


mn 

d 
nN 
fon) 


HM6116ALP/ HM6116ALP/ HM6116ALP/ 
ALSP-12 ALSP-15 ALSP- Unit 


Icc 


Voc=5.5V, Vin=GND 
pri ‘6Ver 2 2 Z LA 
CS=Viy or OE=Vyzy, = ») A: 
ULo! Vijo=GND to Voc 2 2 M 
CS=Viz,, 11;9=0mA Ey 
4 12 12 4 12 | mA 
Vin=Ving or Vip 
Vin =Voec, Vir=0V 
CS=Virrz, 2 5 5 Z 5 mA 
Izj9=0mA, f=1MHz 
min. cycle, 
co SMe | | | | [| | -| | fm 
Yon | Touwams | - | - | 04] -] -] of -|[—]oal v 
You [Ton=-10ma_[24[- | -|[24[-]-]2a[-[-[¥ 


e Voo=SV, Tg=25°C 
MAC CHARACTERISTICS (Vcc=5V +10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Pulse Leve 


Is: 0.8 to 2.4V 


Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and Cy = 100pF (including scope and jig) 


@ READ CYCLE 


Item 


Read Cycle Time 


Address Access Time 


HM6116ALP/ HM6116ALP/ HM6116ALP/ 
Symbol ALSP-12 ALSP-15 ALSP-20 Unit 
| min | max | min | max_| max 
| tro | 120 | - | iso [ - [200 


= 
” 


Chip Select Access Time 


Chip Selection t 


o Output in Low Z 


Output Enable to Output Valid 


Output Enable to Output in Low Z 


Chip Deselection to Output in High Z 
Chip Disable to Output in High Z 
Output Hold from Address Change 


ven z 120 150 = 200 ns 
— 120 150 200 ns 
10 _ _ 10 ns 
— 55 60 — 0 ns 
i a as ae ns 


=} 
wn 
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HM61 16ALP-12,HM61 16ALP-15,HM61 16ALP-20 
HM6116ALSP-12,HM61 16ALSP-15,HM61 16ALSP-20 


@ WRITE CYCLE 


HM6116ALP/ HM6116ALP/ HM6 1 16ALP/ 


Item ALSP-12 ALSP-15 ALSP-20 Unit 
in| max | min | max | min | max 
Write Cycle Time [twe | 120 | - | 150 | - | 20 | - | os 
Chip Selection to End of Write tw | 7 | - | 90 | - | 120 | - |_ aos 
Address Valid to End of Write taw 05 en 0 ee ns 
Address Set Up Time tag [i 0 a) Ne Oe lO ais 
Write Pulse Width twe | 70 | - | so | - [ 100 | - | nm 
Output Disable to Output in High Z fone) 8 fo 50 0 | 60 | ns 
Write to Output in High Z ‘WOH | 0 | 35 40 = ee ae ns 
Data to Write Time Overlap tow | 35 | —- | 40 | - [| so | - | ns 
Data Hold from Write Time toH fT oof - | of - | of - | ns 
Output Active from End of Write tow fF 10 | - | 10 | - | 10 | - | ns 


ME CAPACITANCE (f=1MHz, Ta=25C) 


Te. fy 
re 


Note) This parameter is sampled and not 100% tested. 


@TIMING WAVEFORM 
@Read Cycle (1) 
[1] 


Input Capacitance Se 


Input/Output Capacitance 


Address 


TAA 


MSs: ed 
\\S eee | wrin 


tacs maser 


ea Oe 8 


@Read Cycle (2) 
[1], [2], [4] 


Address 


Dout 


@Read Cycle (3) 
{1}, [3], [4] 
cs 


tAacs tCHZ 
tCLZ 
Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS =Vy7,. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE= ViL- 


@Write Cycle (1) 


WE 


Dout >>> 


HM61 1 6ALP-12,HM6116ALP-15,HM6116ALP-20 
HM6116ALSP-12,HM61 16ALSP-15,HM6116ALSP-20 


tow+!pyH 
EY carrey 50.5 


@Write Cycle (2) 


(S) 
Address 


oo WO 


fwR [2] 


Dout DDD TTT OD 


Cees 
OS) AA a ano 


AW 
-—twp[1]— 


\ 
DERE BeaEe Sas ‘ow 


OH 
[6] | (7) 
SASS 
YZ NLA 


PETS 8) 


NOTES: 1. A write occurs during the overlap (twp) of a 
low CS and a low WE. oo) 
twrR is measured from the earlier of CS or WE 
going high to the end of write cycle. 

During this period, I/O pins are in the output 
State so that the input signals of opposite 
phase to the outputs must not be applied. 

If the CS low transition occurs simultaneously 
with the WE low transitions or after the WE 


transition, Output remain in a high impedance 
state. 

OE is continuously low. (OE = V7; ) 

Dout is the same phase of write data of this 
write cycle. 

D oy, is the read data of next address. 

If os is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 


nun 


te 


MM LOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


Symbol 
Vor 


Operation Recovery Time 


* 104A max at Ta=0T to +40, Vi, min= -0.3V 
* *® tx. =Read Cycle Time. 


@Low Vcc Data Retention Waveform 


Item 
Vcc for Data Retention 
Data Retention Current 


Chip Deselect to Data Retention Time 


Data Retention Mode 


CS2 Vor—-0.2V 


Test Conditions 


Vec =3.0V, CS22.8V 
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HM6117P-3, HM6117P-4 


2048-word x 8-bit High Speed Static CMOS RAM 


MFEATURES 

@ Single 5V Supply and High Density 24 pin Package. 

@ High Speed: Fast Access Time 150ns/200ns (max.) 

@ Low Power Standby and | Standby: 100uW (typ.) 
Low Power Operation: Operation: 200mW (typ.) 


@ Completely Static RAM: Noclock nor Timing Strobe Required 
@ Directly TTL Compatible: All Input and Output 


@ Equal Access and Cycle Time 


MIFUNCTIONAL BLOCK DIAGRAM 


(DP-24) 


——© Vc MPIN ARRANGEMENT 


Memory Matrix —o GND 


128 X 128 


1/0. ¢ 


(Top View) 


MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to GND *—0.5 to +7.0 Vv 
Power Dissipation W 
Operating Temperature KG 
Storage Temperature 
Temperature Under Bias | aC 


* Pulse width 50ns: —3.5V 


fo) 


MTRUTH TABLE 


[ode Vew Corrent 
os 
i SA a 
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MRECOMMENDED DC OPERATING CONDITIONS (72=0°C to +70°C) 


c 
Xe 
ao 


w on 
Oo 


on 


Supply Voltage 


| 
wy] ro rs 
Oo] 

* 
DI on 
ole wn 


GND 
Input High (logic 1) Voltage 5 
Input Low (logic 0) Voltage Vir 


* Pulse width: 50ns, DC) Viinw=—-0.3V 


MDC AND OPERATING CHARACTERISTICS (Ta=0 to +70, Vee=5V+10%, GND=0V) 


max 


Input Leakage Current V.z=GND to Vec 


Output Leakage Current 


Operating Power Supply 
Current : DC 


<A 
mo] 
— 


Tec 


a 
fan) So 


Average Operating Current 


Standby Power Supply 
Current il): DC “NZVeco—0.2V or Viv S0.2V 


Standby Power Supply “ 
Tecu2* CE: 2 Vec—0.2V 
Current {2): DC 


Output low Voltage To, =2.1mA ae 
Output High Voltage Tow=—1.0mA 2.4 


Notes: 1) Typical limits are at Wec=5.0V, Ta= + 25°C 
2) #2 View = 7 0.3V 


0 


Oo oO pee 
co) 
0 


La) 


MEICAPACITANCE (Ta=25°C, f=1.0MHz) 


Item Test Conditions typ 
Input Capacitance | y "IN , 
Input/Output Capacitance 1 o=0V 


Note) This parameter is sampled and not 100% tested. 


2) 
< 
2 
i 
f=) 
_ 
bad 


MAC CHARACTERISTICS (Ta=0C to +70C, Vec=5V+10% unless otherwise noted) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1 TTL Gate and Cy; =100pF (including scope and jig) 


@READ CYCLE 


HM6117P-3 HM6117P-4 


Address Access Time 


Read Cycle Time 


max 
200 
200 
200 


= ve in Tex min Tm 
ig a eo 

ea a a ea 

Siig Canes (CE ae Ona ae ee ee a oe 
Chip Enable (CE,) to Output in Low Z i ee ee ee 
Chip Enable (CE) to Output in Low Z eee ee eS ae 
Chip Disable (CE,) to Output in High Z ee ee ee ee ee ee 
cap oe (CH oo a mae eo ae 
aun Hold (es Mae ee a ae a ee ee 
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Unit 
HMA 


HA 


mA 


A 


3 


A 


=] 


Unit 
pF 
pF 


Unit 


ns 


HM6117P-3,HM61 1 7P-4 
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HM61 1 7P-3,HM6117P-4 


@ TIMING WAVEFORM OF READ CYCLE 


aul \\\\ sonnei ee 


X 


(Notes 1) 


NOTES: 1. WE is High for Read Cycle. 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Enable (CE:) to End of Write 
Chip Enable (CEz) to End of Write 
Address Set Up Time 

Address Valid to End of Write 
Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


@ TIMING WAVEFORM OF WRITE CYCLE 


HM6117P-3 


ee ee 
aaa (a eee 
[tem ae 
ra ae 


~~ 
o 


pant | et 
me | HO | OT] DO 
wn o|o 


—m 1 0 
fom) 


YMA 


tHZ1 


os 
——— ) MMA 


HM6117P-4 

Unit 
ns 
ns 
ns 
ns 


ns 


oO 


ns 


ns 


ns 


ns 


o 


ns 


ns 


Address 
an / 13) 
ce:  \\\\\\\\ 
Dout re AX A 
TITAS ALID LID LLL LLL ASAE a “ VA A VAN 
|__——_———_——-~ (8) 
Din OOK awe tn varia OOK 


NOTES: 1 A write occurs during the 


overlap (twp) of low CE,, 
CE, and WE. 
. tag is measured from the 
address changes to the bigin- 
ning of the write. 
twR is measured from the 
earlier of CE,, CE, or WE 
going high to the end of 
write cycle. 
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4, During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 


. If the CE, or CE, low transi- 
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
pedance state. 
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6. Dout is the same phase of 

write data of this write 

cycle. 

Dout is the read data of next 

address. aus 

. If CE, and CE; are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 


Supply Current Icc,Iccz (Normalized) 


Access Time taa, tacs(Normalized} 


Access Time taa,tacs({ Normalized) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


ACCESS TIME 
vs. SUPPLY VOLTAGE 


Supply Voltage Vec (Vi 


ACCESS TIME 
vs. LOAD CAPACITANCE 


18 


Load Capacitance Ci (pF} 
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HM6117P-3,HM61 1 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


Supply Current Icc,Icc2({ Normalized) 


Ambient Temperature Ta (‘C) 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Access Time taa,tacs( Normalized) 


Ambient Temperature Ta (°C) 


SUPPLY CURRENT 
vs. FREQUENCY 


1.3 


Supply Current Icc2( Normalized) 
S 


Frequency f (MHz) 


7P-4 
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HM61 1 7P-3,HM61 1 7P-4 


INPUT LOW VOLTAGE INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE 


1.3 


Bx 1.2 
i 2a 
= = 
eo » 10 
3 = 09 
3 = 08 
0.7 
4.5 
Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
OUTPUT HIGH CURRENT OUTPUT LOW CURRENT 
vs. OUTPUT HIGH VOLTAGE vs. OUTPUT LOW VOLTAGE 


Output Current Jo#(Normalized) 
Output Current Ior(Normalized) 


Output Voltage Vow (V) Output Voltage Vor (V) 
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HM6117FP-3,HM6117FP-4 


2048-word x 8-bit High Speed Static CMOS RAM 


MFEATURES 

® High Density Small Sized Package 
Projection Area Reduced to One-Thirds of Conventional DIP 
Thickness Reduced to a Half of Conventional DIP 


@ 
e 
@ Single 5V Supply and High Density 24 pin Package. 
@ 
e 


High Speed: Fast Access Time 150ns/200ns (max.) 
Low Power Standby and Standby: 100LW (typ.) 
Low Power Operation: Operation: 200mW (typ.) 


@ Completely Static RAM: Noclock nor Timing Strobe Required 
@ Directly TTL Compatible: All Input and Output 
@ Equal Access and Cycle Time 


MFUNCTIONAL BLOCK DIAGRAM PIN ARRANGEMENT 
Al > eae 
: | re 
As Row Memory Matrix —eo GND 
. Decoder E 128 128 
Ar @ a 


V/O.¢ 
a Column 1/0 
Vy 
it Column Decoder 
1 ! Data 
! Control a @ 
| ew (x i 
pees Lo ~ 
a eae 14 
ie Pr ; | 
. | | 


(Top View) 


MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to GND 
Power Dissipation ee aa 
Operating Temperature 
Storage Temperature 
Temperature Under Bias 


* Pulse width 50ns: —3.5V 


O1G}d}zle 


MTRUTH TABLE 
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HM6117FP-3,HM6117FP-4 


MIRECOMMENDED DC OPERATING CONDITIONS (72=0°C to +70°C) 


* Pulse width: 50ns, DC: Vise.=—0.3V 


MDC AND OPERATING CHARACTERISTICS (Ta=0C to +70T, Vec=5V+10%, GND=0V) 


Per eee Tf [ 
Output Leakage Current | Ino | LA 
V; o= GND to Vec 
Operating Power Supply lee CE, =CE=Vi,. I) o=OmA P= | ow fw men 
Current : DC 
Average Operating Current Dae oe Se Se mA 
. Clr=Vin 
cam 8 Ls i eet 21 @ 
caren 00 SALI ea 
Output High Voltage Vou a Vv 
Notes: 1) Typical limits are at Vec=5.0V, Ta=+25°C 
2) 8. Vine = —0.3V 
MECAPACITANCE (7a=25°C, f=1.0MHz) 
Input/Output Capacitance Cr o "1 o=0V pF 
Note) This parameter is sampled and not 100% tested. 
MAC CHARACTERISTICS (Ta=0 to +70C, Vec=5V+10% unless otherwise noted) 
@AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and Cy, = 100pF (including scope and jig) 
@®READ CYCLE 
a ea a ee 
Address Access Time taa ae 150 a 200 ns 
Chip Enable (CE,) to Output a EEE cree ns 
Chip Enable (CE,) to Output too ee ee ee ee ee ns 
Chip Enable (CE,) to Output in Low Z Te ne es es Ce ns 
Chip Enable (CE) to Output in Low Z a ee ee ee ee ee eee ns 
Chip Disable (CE,) to Output in High Z a ee ee ee ee ee eee ee ee ee ns 
micro Onna? oe ee 
Output Hold from Address Change ton Ee ee ee ee ee ns 
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@ TIMING WAVEFORM OF READ CYCLE 


HM6117FP-3,HM61 17FP-4 


(Notes 1) 


tRc 


tAA 
oS 


QA oa 


NOTES: 1. 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Enable (CE,) to End of Write 
Chip Enable (CE2) to End of Write 
Address Set Up Time 

Address Valid to End of Write 
Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


Ce ae 


WE is High for Read Cycle. 


tou 


ALLL 


nen a 


LL. 


tHz2 


whee 
oe Oe 
a ee oe ns 
te eS NO Se | |e 
Te ae ee ee 
ba es ns 
a a ee ee ee ee 
epee este = 1ONen | eee | D0, i= ee Sine 
ere a ee 
pote To 
aoe ne PO ee ne 
ee ee ee ee 
ea AO ee 


@ TIMING WAVEFORM OF WRITE CYCLE 


NN | 
_ = WN ANY 


CLUS I IIIS LIT IG LAL LL 


tow | tou 


% Te 


NOTES: 1. A_ write occurs during_ the 
overlap (twp) of low CE,, 
CE, and WE. 

2. t45 is measured from the add- 
ress changes to the biginning 
of the write. 

3. twR is measured from the 
earlier of CE,, CE, 
going high to the end of 
write cycle. 


2X eee SORE 
OX Data In Valid INI \/\/ VV 


or WE 


4, During this period, I/O pins 
are in the output state so 
that the input signals of 
Opposite phase to the out- 
puts must not be applied. 

5. If the CE, or CE, low transi- 
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
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pedance state. 

6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read data of next 
address. Pos 

8. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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HM6117FP-3,HM6117FP-4 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current Icc,Iccz (Normalized) 
Supply Current Icc,Icc2(Normalized ) 


Supply Voltage Vcc (V) Ambient Temperature Ta (‘C) 
ACCESS TIME ACCESS TIME 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Access Time taa,tacs (Normalized) 
Access Time taa,tacs (Normalized) 


Supply Voltage Vcc (V) Ambient Temperature Ta (‘C) 


ACCESS TIME SUPPLY CURRENT. 
vs. LOAD CAPACITANCE vs. FREQUENCY 
18 


16 Z 
3 3 
: sa 
— 4 : 
3 8 
< 
iS : 
< — 
™~ 12 
~: : 
= S 
in i. 
= 
E a 
= 10 as 
4 a 
ry Q. 
o 3 
1=) 
<= 


Load Capacitance Cr (pF) Frequency f (MHz) 
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Low Input Voltage Vi. (Normalized) 


Output Current lon( Normalized) 


INPUT LOW VOLTAGE 
vs. SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 


Output Voltage Vow (V) 


@ HITACHI 


High Input Voltage Vrw( Normalized ) 


Output Current [oz (Normalized) 


HM61 1 7FP-3,HM61 17FP-4 


INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 


Output Voltage Vo. (V) 
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HM6117LP-3, HM6117LP-4———__ 


2048-word X 8-bit High Speed Static CMOS RAM 


MFEATURES 
@ Single 5V Supply and High Density 24 Pin Package. 
@ High Speed: Fast Access Time 150ns/200ns max. 


@ Low Power Standby and Low Power Operation; 

Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 180mW (typ.) 

Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Equal Access and Cycle Time 

Capability of Battery Back up Operation 


MFUNCTIONAL BLOCK DIAGRAM 


Ai 
As —9 Vic 
A3 
Ag Memory Matrix —o GND 
As 
128 X 128 
As 
A? 
1/0. 
Column I/O 
Column Decoder 
L | 4 
A iX 
1/08 ¢ 


| 

9 q i 
SF ig ear 1 4 

Ao As Ags Aro ; | 
| | 


MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to GND V 
Operating Temperature C 
Storage Temperature c 
Temperature Under Bias 4G 
Power Dissipation | Pr | W 


* Pulse width 50ns: —3.5V 


MTRUTH TABLE 


Qa 

My 
; 

ca) 


Vcc Current 


rielxixlG 
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MPIN ARRANGEMENT 


(Top View) 


1/O Pin 

High Z 

High Zo 
Dout 
Din 


Vec 


HM6117LP-3,HM6117LP-4 


MERECOMMENDED DC OPERATING CONDITIONS (Ta=0°C to +70°C) 


ee Po vee | OTT 
Input low (logic 0) Voltage Vir ee eee eee) V 


* Pulse Width: 50ns, DC : Vicau.=—0.3V. 


MDC AND OPERATING CHARACTERISTICS (Ta=0°C to+70°C, Vec=5V+10%, GND=0V) 


CE. =Vin or CE2=Vi4 
Output Leakage Current | Ino | V GND to V KA 
17:0 oO cc 
O ting P Suppl ee ere 
Reena, Pepe le CE —CE:=Viz, fi-o=OmA 70 mA 
Current : DC 
Min cycle, duty=100% 
Average Operating Current Tcci CE. -y CE.-v 70 mA 
7 1=Vi7L, 2=VIL 
Standby Power Supply F . CE: 2 Vec—0.2V tik 
Current (1): DC | Vine Vec—0.2V or ViwS0.2V 
Standby Power Supply : ae ey guys ek 
Current (2): DC < aoe a 


Notes: 1) Typical limits are at Vec=5.0V, Ta=+25°C 
2) * | Vita = —0.3V 


MEICAPACITANCE (Ta=25°C, f=1.0MHz) 


Item Symbol Tést Conditions typ Unit 


Note 1) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Ta=0°C to +70°C, Vec=5V+10% unless otherwise noted) 
@AC TEST CONDITIONS 


Input Pulse Levels 2.0 -i.68 2s eines c ae 0.8V to 2.4V 

Input Rise and Fall Times ...........-..... 10ns 

Input and Output Timing Reference Levels... 1.5V 

Output load): feat taut veRaw io bees 1 TTL Gate and Cz = 100pF (Including Scope & Jig) 


@®READ CYCLE 


| min | max | min | max 
Read Cycle Time pec tee MOE | a 000 S| ene 
Address Access Time Pea 7 a eee ee eee 
Chip Enable (CE:) to Output ee ae a ae ee ee ee ee ee 
Chip Enable (CE:) to Output ee ee ee 
Chip Enable (CE:) to Output in Low Z ST ns 
Chip Enable (CEz) to Output in Low Z ee es Oe es se ns 
Chip Disable (CE) to Output in High Z ee ee ee ee ee 
Gp DanC) One we. aa) ee ee 
Output Hold from Address Change ee ee ee es ns 
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HM6117LP-3,HM61 1 7LP-4 


@ TIMING WAVEFORM OF READ CYCLE 


Address 


WOKE 
= WH 


tLZ2 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Enable (CE:) to End of Write 
Chip Enable (CE) to End of Write 
Address Set Up Time 

Address Valid to End of Write 
Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


(Notes 1) 


tcol 


all 
tco2 


(lil 
MLL, ZI. 


EE 
Sener ne 


WE is High for Read Cycle. 


HM6117LP-3 
Symbol 


~ ~ 
> a 
na = 


@ TIMING WAVEFORM OF WRITE CYCLE 


Address 


gi 


Q 
ral 
we 


= 
ies] 


twe 


ee COReaaLaaeaasecauananaan 
TILL LLIAT ELIA LE LL LS 


1 A write occurs during the 
overlap (twp) of low CE,, 
CE, and WE. 

2. tag is measured from the 
address changes to the bigin- 
ning of the write. 

3. twr is measured from the 
earlier of CE,, CE, or WE 
going high to the end of 
write cycle. 


NOTES: 
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So 


HM6117LP-4 

Unit 
ns 
ns 
ns 
ns 


ns 


ns 


on 


ns 


ns 


ns 


l=) 


ns 


~“) 
So 


ns 


esr (3) 
MMMM 


sos 
Sane ee es ae 


ere \\ Seer 


Xmas OE 
/\ Data In Valid 


4. During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

5. If the CE, or CE, low transi- 
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
pedance state. 


@ HITACHI 


WAVAVAVAVAS 


6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read data of next 
address. rot | 

8. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 


HM6117LP-3,HM61 1 7LP-4 


MILOW Vic DATA RETENTION CHARACTERISTICS (Ta=0°C to +70°C) 


CE: 2 Vec—0.2V, 
Vcc for Data Retention Vor V 
Vin2 Vec—0.2V or VinS0.2V 


Vcc for Data Retention CE: 2 Vec—0.2V 


Vec=3.0V, CE, 22.8V, 
Vin22.8V or VinS0.2V 


Data Retention Current Vec=3.0V, CE: 2 Vec—0.2V P= | = [30 | BA 
ee 
a ae 


Chip Deselect to Data Retention Time i ore ns 
See Retention Waveform 
Operation Recovery Time te | 


* 104A max at Ta=0°C to +40°C, Vir min=—0.3V 
** txo=Read Cycle Time 


Data Retention Current Iccor1 


ns 


@LOW Vc DATA RETENTION WAVEFORM — 


Data Retention Mode 


CE: or CE22 Vor—0.2V 


NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Din 
buffer. If CE, controls data retention mode, VIN level (address, 
(WE, CE,, Djjo) can be in the high impedance state. If CE, 
controls data retention mode, ViIn_ level (address, WE, DE,, 
D1/O) must be Vin 2 Vcc-0.2V or VIN © 0.2V. 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


pe 3 
: 

E E 

Z 2 

c . 

v ~ 

— — 

o rat 

v ~ 

bee | — 

= = 

hs = 

band o 

| 

oO S 

= ~ 

S = 

2 3 

Nn ae) 

Supply Voltage Vcc (V) Ambient Temparature Ta ("C; 
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HM6117LP-3, HM6117LP-4 


Access Time taa,tacs (Normalized) 


Access Time taa,tacs( Normalized) 


Low Input Voltage Vrii( Normalized) 
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ACCESS TIME vs. 
SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


ACCESS TIME vs. 
LOAD CAPACITANCE 


Load Capacitance Cz (pF) 


INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


@ HITACHI 


Time ta4,tacs! Normalized ) 


Access 


Supply Current Icc2 (Normalized) 


High Input Voltage Vin( Normalized) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 


CT [= 
Core 
ead 


Ambient Temperature 7a °C 


SUPPLY CURRENT vs. 
FREQUENCY 


Frequency f (MHz) 


INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 


Output Current Jow#(Normalized) 


Output Voltage Vow (V) 


STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE 


1074 
Vec=3V 
CE2=2.8V 


Standby Current Isai (A) 


Ambient Temperature Ta «°C! 


STAND-BY CURRENT vs. 
INPUT VOLTAGE 


Standby Currect Icci2 (Normalized) 


Input Voltage Vin (V) 


HM6117LP-3,HM6117LP-4 


OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 


Output Current Jo. (Normalized) 


Output Voltage Vor (V) 


STAND-BY CURRENT vs. 
SUPPLY VOLTAGE 


Standby Current /sa1(Normalized) 


Supply Voltage Vec (V) 


STAND-BY CURRENT vs. 
INPUT VOLTAGE 


Standby Current /ccz2 (Normalized) 


Input Voltage Vis (V) 
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HM6117LFP-3, HM6117LFP-4—_ 


2048-word x 8-bit High Speed Static CMOS RAM 


MFEATURES 

High Density Small-sized Packaged 

Projection Area Reduced to One-Thirds of Conventional DIP 
Thickness Reduced to a Half of Conventional DIP 

Single 5V Supply 

High Speed: Fast Access Time 150ns/200ns max. 
Low Power Standby and Low Power Operation; 

Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 180mW (typ.) 

Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Equal Access and Cycle Time 

Capability of Battery Back up Operation 


PIN ARRANGEMENT 
MIFUNCTIONAL BLOCK DIAGRAM 


Memory Matrix ——o GND 


oS 

Ne, 
"2 

8S «£ 

z£ 

eo 

“— 


128 X 128 


ee Ba 
: 
ia z x 
i | ~~ -“~!~ A 
VO1e—p—1 ae 
Ao | | 
; | 
CE2 o—{> (Top View) 
CE eS 


WE ¢e sti 
MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to GND V 
Operating Temperature °C 
Storage Temperature C 
Temperature Under Bias Ee 
Power Dissipation a ie W 


* Pulse width 50ns > —3.5V 


MTRUTH TABLE 
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HM6117LFP-3, HM6117LFP-4 


MIRECOMMENDED DC OPERATING CONDITIONS (Ta=0°C to +70T) 


Item Symbol 
Vec 
D 


typ 


Supply Voltage 


2) 
Zz 


an 
| 
ow 
i) 
* 


Input High (logic 1) Voltage 
Input low (logic 0) Voltage 


* Pulse Width: 50ns, DC : View = —0.3V. 


HIDC AND OPERATING CHARACTERISTICS (Ta=0°C to +70C, Vec=5V+10%, GND=0V) 


Vi-o=GND to Vcc 
Opin Teese Stel Joe | CE CEr=Vi tr-o-OmA P= | ow fom | A 
Current : DC 
Average Operating Current bade ace ay ee p= | ow | mA 

CEi = Vit, CE. =Vir 
Standby Power Supply tocar CE, 2Vec—0.2V Sr 

Tecu* HA 

Current (1): DC Vin2 Vec—0.2V or VinsS0.2V 
Current (2): DC 
Output low Voltage ASSES FEST 1 NS RE (= TY ERC 
Output High Voltage Von | Ion=—1.0mA | o24 [| | V 


Notes: 1) Typical limits are at Vec=5.0V, Ta= +25°C 
2) *: Vine™ —0.3V 


MECAPACITANCE (Ta=25°C, f=1.0MHz) 


ian Symbol [Test Conditions] up [mae 
Input Capacitance Cin Vin=0V [Be Be pF 
Input/Output Capacitance Cr. 0 Vi 0=0V a ae a ae pF 


Note: 1) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Ta=0°C to +70°C, Vec=5V+10% unless otherwise noted) 
@®AC TEST CONDITIONS 


Input Pulse Levels ....-.----- eee eee eens 0.8V to 2.4V 

Input Rise and Fall Times ..............4.- 10ns 

Input and Output Timing Reference Levels... 1.5V 

Output L0ad ns a kutostiran eee ted ene 1 TTL Gate and C; = 100pF (Including Scope & Jig) 


@READ CYCLE 


Address Access Time taa Se ee ee eee ee ns 
Chip Enable (CEs) to Output SS a GT 
Chip Enable (CE) to Oucnut in Low Z ae ee ee 
Chip Enable (CE) to Output in Low Z a ee ee oe Oe Se ee ee 
Chip Disable (CE:) to Output in High Z a a ee ee ee ee ee 
Chip Disable (CEs) to Output in High Z owe he es ee 
Output Hold from Address Change ee ee Ce Ge es Cn ns 
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HM6117LFP-3, HM6117LFP-4 


@ TIMING WAVEFORM OF READ CYCLE 


Address 


(Notes 1) 


(IIL 


a 


IML. 


_— 


tco2 


ae ae 
_ 
ae ea 


Dout 
NOTES: 1. WE is High for Read Cycle. 
@WRITE CYCLE 
; HM6117LFP-3 HM6117LFP-4 aA 
ia = prin} mes {| infos 7 
Chip Enable (CEi) to Bnd of Write eee eee 
Chip Enable (CEs) to End of Write Bee ee ae a 
Address Valid to End of Write | tae | 130 = 150 ns 
Write Pulse Width a 
Write to Output in High Z ee ee ee ns 
Data to Write Time Overlap Loe ee Se 
Data Hold from Write Time Se 
Output Active trom End of Write Pe ee Oe 
@TIMING WAVEFORM OF WRITE CYCLE 
twe = 
Address 
ee (3) 
sks! y, 
WM 
ce \\\A\s | 
eg a ee 
WE ag pd 
Bae. LL ey RD AVA AY, 
VITILL LALA ALL LALLA LIAL LATS WAV WAN 
tow tpu 
(8) 
. OX nna EE 
/\ Data In Valid AWA AN AA AN 
NOTES: 1 A write occurs during the 4, During this period, 1/O pins pedance state. 
overlap (twp) of low CE, , are in the output state so 6. Dout is the same phase of 
CE, and WE. that the input signals of write data of this write 
2. tas is aapacured from the opposite phase to the out- cycle. 
address changes to the bigin- puts must not be applied. : aie is the read data of next 
ning of the write. . If the CE, or CE, low transi- ic cE aiGE se ue low 
3. twr is measured from the tion occurs simultaneously , ree 1 oe ; 4 1/O pins 
earlier of CE,, CE, or WE with the WE low transitions or paaee oe ee a ed 
going high to the end of after the WE transitions, out- ree at i a aanie of ee 
write cycle. put remain in a high im- nosite hiase to the outputs 
must not be applied to them. 
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MLOW Vic DATA RETENTION CHARACTERISTICS (Ta=0°C to +70°C) 


CE, 2 Vec—0.2V, 
Vcc for Data Retention Vor» 
Vine Vec—0.2V or VinS0.2V 


Vec for Data Retention CE. 2 Vec—0.2V 


Vec=3.0V, CE, 22.8V, 
Data Retention Current Iccpri 
Vin22.8V or VinS0.2V 


Chip Deselect to Data Retention Time 
Operation Recovery Time ae 


* 10uA max at Ta=0°C to +40°C, Vic min=—0.3V 
** tgc=Read Cycle Time 


@LOW Vic DATA RETENTION WAVEFORM 


Data Retention Mode 


Vec 


CE: or CE22 Vpr—0.2V 


NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Din 
buffer. If CE, controls data retention mode, Vyj level (address, 
WE, CE, , Dio) can be in the high impedance state. If CE, con- 


trols data retention mode, Vyy level (address, WE, CE,, Dio) 
must be Vin 2 Voc—0.2V or Vin §$ 0.2V. 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current Icc,Jcc1 (Normalized ) 
Supply Current Icc,/cc2 (Normalized) 


Susply: Voltage: Vor (Vi Ambient Temparature Ta (°C) 
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Unit 


ns 


ns 


HM6117LFP-3, HM6117LFP-4 
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HM6117LFP-3, HM6117LFP-4 


ACCESS TIME vs. ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


F F 
$ z 
2 E 
= = 
Supply Voltage Vcc (V) Ambient Temperature Ta (‘C: 
ACCESS TIME vs. SUPPLY CURRENT vs. 
LOAD CAPACITANCE FREQUENCY 


Access Time taa,tacs (Normalized) 
Supply Current Icc2 (Normalized) 


Load Capacitance Ci (pF) Frequency { (MHz) 
INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Low Input Voltage Vit (Normalized) 


High Input Voltage Vin (Normalized) 


Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
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Output Current Jon(Normalized) 


Standby Current Isai (A) 


Standby Currect Iccz2 (Normalized) 


OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 


Output Voltage Vow (V) 


STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta ('C) 


STAND-BY CURRENT vs. 
INPUT VOLTAGE 


10 


Input Voltage Viw (V) 


Ta =25°C 
Vec=5V 
CE: =4.8V 
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Output Current Joz( Normalized) 


Standby Current Isa1( Normalized) 


HM6117LFP-3, HM6117LFP-4 


OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 


Standby Current Icci2 (Normalized ) 


Output Voltage Vo. (V) 


STAND-BY CURRENT vs. 
SUPPLY VOLTAGE 


Ta =25°C 
CEs= Vec —0.2V 


Supply Voltage Vcc (V) 


STAND-BY CURRENT vs. 
INPUT VOLTAGE 


Input Voltage Vis (V) 
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HM6168H-45, HM6168H-55, 
HM6168H- 70, HM6168HP-45, 
HM6G168HP-55, HM6168HP-70 


4096- word <x 4-bit High Speed Static CMOS RAM 7 


MFEATURES HM6168H-45/55/70 
@ High Speed: Fast Access Time 45/55/70 ns (max.) 
@ Single +5V Supply and High Density 20 Pin Package 
@ tow Power Standby and Low Power Operation; 
100uW typ. (Standby), 200mW typ. (Operation) 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@ Equal Access and Cycle Times 
@ Directly TTL Compatible — All Inputs and Outputs 


MEFUNCTIONAL BLOCK DIAGRAM 


BOG Daan 
Aio > HM6168HP-45/55/70 
A20 b> aes ; o Vcc 
: Row Memory Array 
ee be asa Decoder 128 x 128 © GND 
Aso > as 
en 
Asc — 
One > — Column 1/0 


Input 
Data 


Control 
(DP-20! 


ininini 
(NX ZS “ZN “£N ZS 


MPIN ARRANGEMENT 


MABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 


Voltage on Any Pin Relative to GND Vin —3.5* to +7.0 
Power Dissipation P; 1.0 


V 
W 
Operating “emperatere 0 to +70 re 
z : 

an 
C 


Storage Temperature (Ceramic) —65 to +150 
Storage Temperature (Plastic) —55 to +125 
Temperature under Bias —10 to +85 ‘ 

(Top View) 


* Pulse Width 20ns, DC=—0.5V 
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HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70 


# TRUTH TABLE 


: 


= RECOMMENDED DC OPERATING CONDITIONS (72=0 to + 70°C) 


Supply Voltage 


Input Voltage 


* —3.0V (Pulse width 20ns) 


= DC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=OV, Ta =0 to + 70°C) 


= fSyaba [Ten Condos im 
Imput Leakage Current Voo=5.5V, Vin=GND to Voc i 


: HA 


—i Cog 
nn << 


pmax 
= 2.0 

Output Leakage Current CS =Vy4, Vyjo=GND to Vcc pA 
Operating Power Supply Current CS= Vit. lyjo=9mA ei 90 | mA 
Standby Power Supply Current CS=V iz = | mA 
Standby Power Supply Current(1) CS= Voc -0.2V, Vin S0.2V or Vin2Vec-0.2V| — |0.02 mA 

Output Low Vol 0 a 

a I= 


Note: Typical limits are at Vo¢=5.0V, Ta= 25°C and specified loading. 


= CAPACITANCE (Ta=25°C, f=1MHz) 


Soma [Test Conaons [in [rox 
ren [¥neov f= | 
revo [¥uo=6v [= 


= AC CHARACTERISTICS (Vcc=5V +10%, Ta =0 to + 70°C, unless otherwise noted.) 
@ AC TEST CONDITION 

@ Input pulse levels: GND to 3.0V 

Input rise and fall times: 5ns 


Input and Output timing reference levels: 1.5V 
Output load: See Figure 


Item 


Input Capacitance 


Input/Output Capacitance 


480Q 480Q 


2550 30pF* 2552 5pF° 


Output Load (A) Output Load (B) 
* Including scope and jig. (for tz77, ttz, twz,. tow) 
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HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70 


@ READ CYCLE 


Item Symbol 
Address Access Time tAA fe a 
Chip Select Access Time ltacs | - | 
Output Hold from Address Change ‘ton | 5 | - [| 5 | - | 
Chip Selection to Output in Low Z* ftrz | 20 | - | 20 [| - | 2 | 


Chip Deselection to Output in High Z* tHz 


| a pea 
Chip Selection to Power Up Time tpy Os [ee ee ao 
re an 


Chip Deselection to Power Down Time tpp 


~~ 
© 


* Transition is measured +500mV for high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 


® TIMING WAVEFORM OF READ CYCLE NO. 1): (2) 


tac 


Address 


Dout 


Dout /\ High 
Impedance 


Vec supply oy Sg ee ee 
current 


Notes) 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS= VIL. 
3. Address Valid prior to or coincident with CS transition Low. 
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~~ 


nN 


~ 
oO 


vo 


e 


ine) 


© 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70 


@WRITE CYCLE 


Item Symbol aaa an Unit 
Chip Selection to End of Write tcw | 40 | - | so | - | 6 | - | ns 
Address Valid to End of Write taw | 40 | - | so | - | 6 | - | ns 
Write Pale With me tos | - | | - | 8 | - | 
Write Enabled to Output in High Z* ftwz | o | 15 | 0 | 2 | o [ 25 — ns 
Output Active from End of Write* tow | o | - |. o | = | oO fF - | ns 


* Thansition is measured +500mV from high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


Address 


ce \\\ OME, OL A 


Din 


High impedance 


Dout’ 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 


twe 


Address Gi a an) 


ND -0:6.0:6:6.6:60:0:0:6:6 GREED 0.0.6.6 0:0:0 


High Impedance 4. 


Dout 


Notes) 1. A write occurs during the overlap of a low CS and a low WE, (twp) . 

2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must 
not be applied. oes iececess 

4. If the Coiow transition occurs simultaneously with the WE low transition or after the WE transition, the output buffer 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 

6. Dout is the same phase of Write data of this write cycle. 
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HM6168HLP-45, HMG168SHLP-55, 
HM61GSHLP- 70 


4096-word x 4-bit High Speed Static CMOS RAM 


MFEATURES 
@ High Speed: Fast Access Time 45/55/70ns (max.) 
@ Single +5V Supply and High Density 20 Pin Package 
@ Low Power Standby and Low Power Operation; 
5uW typ. (Standby), 200mW typ. (Operation) 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@ Equal Access and Cycle Times 
@ Directly TTL Compatible —All Inputs and Outputs 
@ Capable of Battery back up Operation 


MFUNCTIONAL BLOCK DIAGRAM 


Aoo > ees 

Aio >. MPIN ARRANGEMENT 

Az 0 > meen o Vee 

Row Memory Array 

ao8 a Decoder 128 x 128 EN 

A, o > anes 

As Q Y 

Aé oO YS 
-— |= 
1/039 Ye Control 

Ke INH -~ 
1/04 op ——— & = EX FNS LS LEDS 
CS oO q | | YY 
ce r4 (Top View) 

ae Q wll 
WE o a 


Voltage on Any Pin Relative to GND V 
Power Dissipation W 
Operating Temperature ‘G 
Storage Temperature C 
Temperature under Bias -10 to +85 & 


* Pulse Width 20ns. DC= -0.5V 
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HM6168HLP-45, HM6168HLP-45, HM6168HLP-70 


= TRUTH TABLE 


H 


L 


Waite lee [Din | Write Cycle 1, 2 


* —3.0V (Pulse width 20ns) 


= DC AND OPERATING CHARACTERISTICS (Vcc=5V #10%, GND=0V, Ta=0 to + 70°C) 


ten Symbol] ____TestCondtions—_—_—_—_—min | wp [max [Uni 
Imput Leakage Current Voo=5.5V, Vin=GND to Veg | | — | 20 | MA 
iSaalet ole 


Output Leakage Current 
Operating Power Supply Current 
Standby Power Supply Current 
Standby Power Supply Current(1) 
Output Low Voltage 

Output High Voltage 


Note: Typical limits are at Voc=5.0V, Ta=25°C and specified loading. 


= CAPACITANCE (7a=25°C f=1MHz) 


Input Capacitance 


Input/Output Capacitance 


= AC CHARACTERISTICS (Vcc=5V +10%, Ta=0 to + 70°C, unless otherwise noted) 


@ AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 


480Q 480Q 
Dout 


255Q 30pF * ‘ 
2550 Spe 


Output Load (A) * Including scope and jig. Output Load (B) 
(for tHz, tz, twz, tow) 
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HM6168HLP-35, HM6168HLP-55, HM6168HLP-70 


@ READ CYCLE 
HM6168HLP-70 


; Read Cycle Time R | 45 | - | 


Unit 


ea 
ae, 
= 
nN 
— 
nN 
[o ) 
= 
3 |e 
x | - 
Gn 
jo, 
re 
o 
On 
[o «) 
an 
tm 
Gs 
WC 
3 
Pos 


oa) 
io) 
~ 


=] 
wn 


Address Access Time | tAA | - | 45 | - | 55 | 7 ns 
Chip Select Access Time tacs P= | 45 | = | 55 | 7 ns 
Output Hold from Address Change toH ie el 


=] 
7) 


Chip Selection to Output in Low Z* 


nr 
jo] 
wn 


Chip Deselection to Output in High Z* tHz 


i. ae es 
Chip Selection to Power Up Time tpu | o | - {| o | = | 
— == 


=} 
wn 


=} 
wa 


oS) 
© 
=} 
wn 


Chip Deselection to Power Down Time tpp 


~ 

™ 

N 

db 

So 

i) 

- 

fe 

= | 

ol] nN fom) 


* Transition is measured +500mV for high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF READ CYCLE NO. 2"): () 


tac 


Address 


Dout 


Orc 


tacs 


RE cor a, 
Dout High Impedance /\ S\N Data Valid High 
t po 


Impedance 


Vcc supply SS Se 
current 50% 50% 


Isp 


Notes) 1. WE is High for Read Cycle. __ 
2. Device is continuously selected, CS=V7;. __ 
3. Address Valid prior to or coincident with CS transition Low. 


134 @ HITACHI 


HM6168HLP-45, HM6168HLP-55, HM6168HLP-70 


@®WRITE CYCLE 


+ rene HM6168HLP-45 | HM6168HLP-55 HM6168HLP-70 oa 
em ymbo nit 


| max | min | max | 
Chip Selection to End of Write tow 40 | - [| so | - | 6 [| - | ns 
Address Valid to End of Write te | 40 | - | so | - | 0 | - | ns 
Write Pulse Width fas 35 | - | 45 — ss | - | ns 
Write Recovery Time twrR 0 = | 0 | 0 p= | ns 
Write Enabled to Output in High Z* twz Oe, Ae ee On Or It | ee ns 
Output Active from End of Write* tow | o | - | o | - [| o | - | ns 


* Thansition is measured +500mV from high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


& ( 


Address 


= XS | OID BI 
- .—; oo 


Din 


, 
tow 
0 High impedance 
Out 


@ TIMING WAVEFORM OF WRITE CYCLE NO, 2 (CS Controlled) 


Notes) 


N GN > Whore 


Address ae 


twa (2° 


WE> OL MM OME 


MP COCOCCCCCCOOS GREED 6.0:6:6 0.056% 


High Impedance ** 


Dout 


A write occurs during the overlap of a low cs and a low WE, (twp) 


. twp is measured from the earlier of CS or WE going high to the end of write cycle. 
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must 


. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffer 


not be applied. 


buffers remain in a high impedance state. 


. If CS is low during this period, 1/O pins are in the output state. Then the data input signals of opposite phase to 


the outputs must not be applied to them. 


. Dout is the same phase of Write data of this write cycle. 
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HM6168HLP-45, HM6168HLP-55, HM6168HLP-70 


MLOW V.c DATA RETENTION CHARACTERISTICS (0C STaS70C) 


Vcc for Data Retention 


CS2 Vec—0.2V 
Data Retention Current Tccor 

Vinz Vec—0.2V or 
Chip Deselect to Data Retention Time OVS V.<0.2V 
Operation Recovery Time te 


Note’ 1. troRead Cycle Time. * Vec=3.0V 
** Veo =2.0V 


@LOW V.c DATA RETENTION WAVEFORM 


CS 2 Vor —0.2V 
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Unit 


HM6167,HM6167-6,HM6167-8,—_—_ 
HM616 7P,HM6167P-6,HM6167P-8 


16384-word x1-bit High Speed Static CMOS RAM 


MIFEATURES HM6167, HM6167-6, 
@ Single +5V Supply and High Density 20 Pin Package HM6167-8 
@ Fast Access Time — 70ns/85ns/100ns 
@ Low Power Stand-by and Low Power Operation 

Stand-by 25mW Typ. and Operating 150mW Typ. 
Completely Static Memory ..... No Clock nor Refresh Required 
Fully TTL Compatible — All Inputs and Output 
Separate Data Input and Output......... Three State Output 
Pin-Out Compatible with Intel 2167 Series 


MIBLOCK DIAGRAM 


bee HM6167P, HM6167P-6, 
HM6167P-8 


= “GND 


Row Memory Array 


Decoder 128 X 128 


Dout 


Column I 0 
Column Decoder a 


weiee 


MABSOLUTE MAXIMUM RATINGS 


Terminal Voltage with Respect to GND —0.5* to +7.0 Vv 


Power Dissipation 
T. 
Ts 
z, 


ke 


PIN ARRANGEMENT 


Operating Temperature ae 0 to +70 


Storage Temperature (Plastic) —55 to +125 


Storage Temperature (Ceramic) | Te | —65 to +150 
Storage Temperature** —10 to +85 


* Pulse width 20ns : —3.5V_ **under bias 


OlLaAlAlal= 


opr 
tZ 
tg 


MERECOMMENDED DC OPERATING CONDITIONS 
(0°CS TaS70C) 


(Top View) 


Supply Voltage 


Input High Voltage 


Input Low Voltage 


* Pulse width 20ns, DC : Vir min= —0.3V 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


WMTRUTH TABLE 


x 


r[ri=x| 9 


Operating Power Supply Current CS=Vit, Output Open 


Isp 
Standby Power Supply Current 
Isai 


Output Low Voltage 


Output High Voltage 


CS =Vec—0.2V 


Vins0.2V or Viv 2Vec—0.2V 


Note) Typical limits are at Vec=5.0V, Ta=25T and specified loading. 


MAC TEST CONDITIONS 
Output Load A Output Load B 


Input pulse levels: GND to 3.0V 


+5V 
Input rise and fall times: 5 ns +5V 
Input timing reference levels: 1.5V . 
Output reference levels: 1.5V “ 4809 
Output load: See Figure Pout 
2559 30pF* Dout 
255 eet 


* Including scope and jig. 


BICAPACITANCE (Ta=25°C, f=1.0MHz) 


Cour 


Input Capacitance 


Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Vec=5V+10%, Ta=0C to 70°C, unless otherwise noted. ) 
@®READ CYCLE 


x= 
= 
an 
—_— 
fo 2) 
=_™ 
x= 
= 
D> 
— 
fo) 
~ 
wu 
<< 
= 
mm 
—_— 
fo 2) 
Pa 
52) 
= 
= 
Dm 
ae 
nr 
~~ 
Gs 
an 


Read Cycle Time 70 


“ vn Le [ne 


Address Access Time 


~ ~ 
>» 7» 
> fo 


Chip Select Access Time tacs 
Output Hold from Address Change 


Chip Selection to Output in Low Z 


Chip Deselection to Output in High Z tuz 


Chip Deselection to Power Down Time 
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© 


[eS] 


a 
° 
é 
ll 
oo 


~S 


(for tuz, trz, twz & tow 


HM6167-8, HM6167P-8 


~~. ~ 
load i) 
N x 
Be 
i 


Unit 
KA 
KA 
mA 
mA 


mA 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


@WRITE CYCLE 


Item Unit Notes 
Write Cycle Time two | wm [| - | 85 pe ns 2 : 
Chip Selection to End of Write tcw | 5 | | 65 | -— [| «| ns 
rk aes pee pepe BY tS 

ns 


Write Recovery Time Foo | = | ns 
Data Valid to End of Write 


Data Hold Time tox 0 — ns 
Write Enable to Output in High Z twz Fo [ 39 | 3,4 


Output Active from End of Write tow 


1. If CS goes high simultaneouly with. WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 


Notes) 


@ TIMING WAVEFORM OF READ CYCLE NO.1!"”! 


tac 


Address 


t 
Data Out Previous Data Valid Data Valid 


TX 


@ TIMING WAVEFORM OF READ CYCLE NO.2!"?) 


tre 


cS 
High Impedance y, \/ High Impedance 
Data Out /\ a 
Vee Supply a 
Current 


NOTES: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +500mV from steady state voltage with 
specified loading in Load B. 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


@ TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 


twe 


STS 
© YY V7 


\ 
co eee 


Data Out Data Undefined 
High Impedance 


NOTE: 1. Transition is measured +500mV from steady state voltage with 
specified loading in Load B. 


@ TIMING WAVEFORM OF WRITE CYCLE No. 2 (CS Controlled) 


twe 


rv en 


% Ss 


{DH 


Data In : a 
Data In Valid 


twzZ 


Data Out 
Data Undefined High Impedance 


Note) Transition is measured +500mV from steady state voltage with specified loading in Load B. 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Supply Current Icci,lccz (Normalized) 
Supply Current Icci,Iccz (Normalized) 


Supply Voltage Vee (V) Ambient Temperature Ta (‘C) 
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Access Time taa,tacs (Normalized) 


Access Time taa,tacs (Normalized) 


Input Low Voltage Viz (Normalized) 


ACCESS TIME vs. 
SUPPLY VOLTAGE 


Supply Voltage Vec (V) 


ACCESS TIME vs. 
LOAD CAPACITANCE 


Load Capacitance Cz (pF) 


INPUT LOW VOLTAGE vs. 


SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


Supply Current Icce (Normalized) 


Input High Voltage Viw (Normalized) 


@ HITACHI 


Access Time taa,tacs (Normalized) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 


ee 
Te 
TET 
Tf 
0 20 4 | 


0.9 


0.8 


0.7 


0 
Ambient Temperature Ta (‘C) 


SUPPLY CURRENT vs. 
FREQUENCY 


0.9 


0.8 


0 2 4 6 8 10 
Frequency f (MHz) 


INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


14] 


HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


OUTPUT HIGH CURRENT vs. OUTPUT LOW CURRENT vs. 
OUTPUT HIGH VOLTAGE OUTPUT LOW VOLTAGE 


Output High Current Ion (Normalized) 
Output Low Current Joz (Normalized) 


Output High Voltage Vow (V) Output Low Voltage Vor (V) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


3 
a 
= F 
5 5 
5 ~ 
e © 
3 = 
x Oo 
= 
a s Ta 250 
ino] eae : 
3 CS= Veo -U2V 
a 
Ambient Temperature Ta (‘C) Supply Voltage Vec (V) 
STANDBY CURRENT vs. 
INPUT VOLTAGE 
= 
wo 
= 
es 
e 
Fa 
s 
rs 
2 
3 
co) 
~ 
2 
ino] 
i= 
wo 
7) 


Input Voltage Via (V) 
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HM6167LP, HM61G67LP-6, 
HM6167LP-8 


16384-word x1-bit High Speed Static CMOS RAM 


MFEATURES 
@ Single +5V Supply and High Density 20 Pin Package 
@ Fast Access Time.............0c000cuee 70ns/85ns/100ns 
@ Low Power Stand-by and Low Power Operation 

Stand-by 5u.W (typ) and Operating 150mW (typ.) 
@ Completely Static Memory...... No Clock or Refresh Required 
@ Fully TTL Compatible.............. All Inputs and Output 
@ Separate Data Input and Output ......... Three State Output 
@ Capable of Battery Back up Operation 
MBLOCK DIAGRAM 

(DP-20) 


—— cnp MPIN ARRANGEMENT 


Row Memory Array 


Decoder 128 X 128 


> 


Dout 


Column Decoder 
er © ay Se ae 8 ee ee 


Au Alo Ag As Ar Ae As 


Column I 0 


MABSOLUTE MAXIMUM RATINGS (Top View) 


Power Dissipation 1.0 W 
Operating Temperature Topr 0 to +70 °C 
°C 


Storage Temperature —55 to +125 
Storage Temperature** —10 to +85 


* Pulse width 20ns —3.5V_ ** under bias 


Mi RECOMMENDED DC OPERATING CONDITIONS ( 0°C<Ta< 70°C ) 


Supply Voltage 


3 ee 


* Pulse width 20ns, DC. Viz min= —0.3V 
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HM6167LP, HM6167LP-6, HM6167L P-8 


MTRUTH TABLE 


MDC AND OPERATING CHARACTERISTICS (Vec=5V +10%, Ta=0~+70°C ) 


Item Test Conditions — 
fipul (eb akagesCurcent Til [Vee~5.5V Viw=0V~Vec |= 


Operating Power Supply Current CS=Vi, Output Open 


Unit 


i 
3 

wm |x 

~ 

> 


Mi 


~) 
oO 
3 

> 


“le 
ni} oS 
3 
> 


Standby Power Supply Current 


a 
ie 
oO 
4 
> 


< 


Output Low Voltage 
Output High Voltage 


Note) Typical limits are at Vec=5.0V, Ta=25°C and specified Joading. 


MAC TEST CONDITIONS 
Input pulse levels: GND to 3.0V Output Load A Output Load B 
+5V (for tuz, trz, twz & tow) 


Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 480 
Output load: See Figure Dout 4802 
255Q 30pF* Dout 
2552 spy 


Including scope and jig. 


* 


MECAPACITANCE (Ta=25C, f=1.0MHz) 


Input Capacitance 


Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Ta=0°C to +70C, Vec=5V+10%, unless otherwise noted. ) 


@®READ CYCLE 
Tae [ee [in [oe | 
no 


ns 
Address Access Time taa To | ee ee ee ns 
Output Hold from Address Change tou eS ee eee ns 
Chip Selection to Output in Low Z tiz | — [5 | ns 

ns 


ns 


ns 
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—————___ _ = bf M516 7LP, HME1IGZLP-6, HM6167LP-8 


@ TIMING WAVEFORM OF READ CYCLE NO.1?””) 


Address 


Data Out Data Valid 


cS 
High Impedance \/ \/ High Impedance 
Data Out /\ 
Veco Supply a 
Current 


NOTES: 1. WE is high and CS is low for READ Cycle. __ 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +500mV from steady state voltage with 
specified loading B. | 


@WRITE CYCLE 


HM6167LP HM6167LP-6 HM6167LP-8 
Item Symbol Unit 


Notes 
Write Cycle Time twe | 7m | - | » | - | 100 P| ns 2 
Chip Selection to End of Write tcw | 5 | - | 6 | —- [| w@ | — | os | 
Address Valid to End of Write taw | ss {| - | #& | - [| wo | — | os | 
Peek fe Se eo oe ee 
Write Fnable to Output in High Z twz | o | » | o | wo | o | @ | os | 3,4 
es ee ee oe Se ee 


Notes) 1. If CS goes high simultaneouly with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 


twe 


Ee 
SSS 
ne 2 02/07, 


= No 
WE 

A—--+-___/| 

gc occa amare 
ms (Cm |) 


Data Out Data Undefined 
High Impedance 
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HM6167LP, HM6167LP-6, HM6167LP-8 


@ TIMING WAVEFORM OF WRITE CYCLE No.2 (CS Controlled) 


two 


a ——\ 
acemercened © 


oS SE a 


(oH 


Data In {a 
Data In Valid 


twz 


=| 


Data Out 
Data Undefined High Impedance 


MLOW Vcc DATA RETENTION CHARACTERISTKS (Ta=0C to 70°C ) 


Parameter Symbol Test Condition | min | typ 
Vcc for Data Retention | Von | 


Data Retention Current Iccor 


Unit 


Chip Deselect to Data Retention Time ns 
Operation Recovery Time Dae. ns 
Q trco=Read Cycle Time * Veo=2.0V 
** Vec~=3.0V 


BLOW V.c DATA RETENTION WAVEFORM 


Data Retention Mode 
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HM6167H-45, HM6167H-55, 


HM6167HP-45, HM6167HP-55 


16384-word x 1-bit High Speed Static CMOS RAM 

= FEATURES HM6 167H-45, HM6167H-55 

@ Fast Access Time........... HM6167H/P-45 45ns (max) 
HM6167H/P-55 55ns (max) 

Low Power Standby and Low Power Operation 

Standby 100uW (typ), Operating 200mW (typ) 

Single +5V Supply and High Density 20 Pin Package 

Completely Static Memory ... .No Clock nor Refresh Required 

Fully TTL Compatible....... All Inputs and Output 

Separate Data Input and Output......... Three State Output 


= BLOCK DIAGRAM (DG-20) 
HM6 167HP-45, HM6167HP-55 


a 


GND 


Row Memory Array 


Decoder 12% K 12% 


Din Column [ 0 


Dout (DP-20) 


Column Decoder 


PCat Decoter | 
SECtee 


= PIN ARRANGEMENT 


An Ayo Ay An A; AR As 


= ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 


Terminal Voltage with respect to GND VT —3.5* to +7.0 Vv 


Power Dissipation PT | 10 W 
Operating Temperature “C 
Storage Temperature (Plastic) aG 
_Storage Temperature (Ceramic) —65 to +150 “C 
Storage Temperature (under bias) —10to +85 a © 
* Pulse Width 20ns, DC: —0.5V 
= RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) (Top View) 


Supply Voltage 


Input Voltage 


* Pulse Width: 20ns, DC: V;; (min) = —0.5V 
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HN6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


# TRUTH TABLE 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0T to +70T) 


Input Leakage Current Veco=5.5V, Vin=0V~ Vic 


Output Leakage Current CS=Vin, Vour=0V~ Vec 


Operating Power Supply Current CS=Vi, Output Open 


Standby Power Supply Current CS 2Vec—0.2V 
Tsai 
VinS0.2V or Vix 2Vec—0.2V 


Output Low Voltage 


Note) Typical limits are at Vec=5.0V, Ta~25T and specified loading. 


pmo 

f 
fon) 
3 
> 


MAC TEST CONDITIONS 


Output Load A Output Load B 
Input pulse levels: GND to 3.0V +5V (for tuz, trz, twz & tow) 
Input rise and fall times: 5 ns +5N 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V ital 4809 
Output load: See Figure Dou 
2550 30pF* si 
255 apes 
%* Including scope and jig. * Including scope and jig. 


MECAPACITANCE (Ta=25C, f=1.0MHz) 


Input Capacitance 


Output Capacitance 


Note) This parameter is sampled and not 100% tested. 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


MAC CHARACTERISTICS (Vcec=5V+10%, Ta=0C to 70°C, unless otherwise noted. ) 
@READ CYCLE 


HM6 167H/P-45 HM6167HP-55 
Item Symbol Unit Notes 


Read Cycle Time tRC ee ee 
Address Access Time tAA P= | 4s | — | ss) [ons 

Output Hold from Address Change tOH oe oe eS ) ons | 

Chip Selection to Output in Low Z tLz ———— (2) (3) (7) 


Chip Deselection to Output in High Z tH (2) (3) (7) 


way 
v 
CN 
we 
: 
w 
: 
~ 
a 


Chip Selection to Power Up Time 


Chip Deselection to Power Down Time tPD 
NOTES: All Read Cycle timing are referenced from last valid address to the first transitioning address. 
At any given temperature and voltage condition, t;,z max. is less than t; 7 min. both for a given device and 
from device to device. 
Transition is measured +500mV from steady state voltage with specified loading in Load B. 
WE is High for READ cycle. | 
Device is continuously selected, CS = V;,. 
Addresses valid prior to or coincident with CS transition low. 
This parameter is sampled and not 100% tested. 


Ww — 


IAA Rw 


@ TIMING WAVEFORM OF READ CYCLE NO.1 *): °) 
tRc 


Address 
TAA 


toH 


Previous Data 
Data Out Valid. 


Data Valid 


@ TIMING WAVEFORM OF READ CYCLE NO.2 4): 6) 


HZ 


ome) 


High Impedance High Impedance 


Data Out 


CC 
ve Supply -~---77 y, 
Current 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


e WRITE CYCLE 


HM6 167H/P-45 HM6167H/P-55 
Item Symbol Unit Notes 


(2) 


= 

Q 
: 

Ww 


wn 
Le) 


Write Cycle Time 
Chip Selection to End of Write Cc 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 


Write Recovery Time 


Data Valid to End of Write tDw 
Data Hold Time tDH 
Write Enable to Output in High Z twz 


= 
w 


~ ~ S > ~ ~ 
io) 


= 
v 


io) 


ie) wd 1 
ne R 
3 
” 


NR 


(3) (4) 
(3) (4) 


Output Active from End of Write tow 
NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 


3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 
twc 


tAWw twR 
= y 
WE AK fon 
Data In i Data In Valid 
[WZ tow—- 
Data Out Data Undefined leant impedance 


@ TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 


CS 


twe 
twp 


WE oe at on ae ae: 


‘DH 
Data In 4 Data In Valid 
WZ 
Data Out Data Undefined 


High Impedance 
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Supply Current Icc (Normalized) 


Access Time taa,tacs (Normalized) 


(Normalized) 


Access Time taa, tacs 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


Supply Voltage Vc (V) 


ACCESS TIME vs. 
SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


ACCESS TIME vs. 
LOAD CAPACITANCE 


0.8 


200 


300 400 


Load Capacitance Ci (pF) 


HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


Supply Current Icc (Normalized) 


Access Time taa.tacs (Normalized) 


Supply Current [cc (Normalized) 


500 


€ HITACHI 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. 
FREQUENCY 


200 100 66 50 


4 
L ae 85ns 70ns 


0 


Frequency f (MHz) 
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l 
HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 

F = 

° £ 

= = 

a 2 

$ £ 

2 s 

Fe = 


Supply Voltage Vec (V) Supply Voltage Veo (V! 
OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output Low Current Jor (Normalized) 


Output High Current ‘oy (Normalized) 


Output High Voltage Vow (V) Output Low Voltage Vor (V) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Standby Current Jsa1 (A) 
Standby Current Isa; (Normalized) 


Ambient Temperature Ta (°C) Supply Voltage Vec (V) 
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Standby Current Isai (Normalized) 


STANDBY CURRENT vs. 
INPUT VOLTAGE 


Input Voltage Via (V) 


HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 
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HM616 7HCG-45, HM6167HCG-S5 ~~ 


16384-word X 1-bit High Speed Static CMOS RAM 


MFEATURES 

@ High Density 20 pin Leadless Chip Carrier 

@ High Speed: Fast Access Time 45/55ns Max. 

@ Low Power Standby and Low Power Operation 
Standby: 100uW typ., Operation: 200mW typ. 

@ Completely Static Memory; 
No Clock or Timing Strobe Required 

@ Equal Access and Cycle Times 

Directly TTL Compatible; All Inputs and Output 


MBLOCK DIAGRAM 


nn Vec 


——— GND MPIN ARRANGEMENT 


Row 


Memory Array 
Decoder 


128 X 128 Ais Vee Ao Al 
ann a 


A . 
Ao (15 BCVA 
Column Decoder wo sti 


12 11 lo 9 
SERBESR! 
Din CS GND WE 
(Bottom View) 


An Ato Ag Ar Ai Ae As 


MABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 
Voltage on Any Pin* —0.5 to +7.0 V 
Power Dissipation W 
Operating Temperature 0 to +70 1G 
Storage Temperature —65 to +150 Cc 
Temperature Under Bias —10 to +85 1c 


%* with respect to GND. Vin min=—3.5V (Pulse width 20ns) 


MTRUTH TABLE 


Cc 
c 
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HM6167HCG-45, HM6167HCG-55 


MiRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Supply Voltage 


Input Voltage 
Vit | 0st 


* —3.0V (Pulse width 20ns) 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, Ta=0 to +70°C) 


Input Leakage Current | Tur | Vec=5.5V, Vin=0V to Vec 


Output Leakage Current | Ino | CS=Vin, Vour=0V to Vec _ 


typ* 

Operating Power Supply Current Tec CS=Vi1, Output Open 
Isp CS=Vin 10 
Standby Power Supply Current 
20 


Output Voltage 


Note) * : Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 


MICAPACITANCE (Ta=25C, f=1MHz) 


Output Capacitance Cx Vou = OV 


an 
ee 


Note) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Vcc=5V 10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS Output Load A Output Load B 
Input Pulse Levels: GND to 3.0V (for tyz, tuz, twz & tow 


+5V 
Input Rise and Fall Times: 5 ns es 
Output Reference Levels: 1.5V 4808 
Dout 480Q 
255Q 30pF* Dout 
255Q ia 


* Including scope and jig. 


~ 


@®READ CYCLE 


Unit 


HM6167HCG-45 HM6167HCG-55 
Item Symbol 
oe oe gee 


Address Access Time 


on 


Output Hold from Address Change tou 5 = | 5 

Chip Selection to Output in Low Z tiz | o5 | -— | 5 | 

Chip Deselection to Output in High Z tuz | oo | 39 | oo [| 3 [| ms | 
Chip Selection to Power Up Time teu ee ee ee ee ee eee 
Chip Deselection to Power Down Time tpp | — | 9 | — | 3% | ms | 


Notes! 1. All Read Cycle timings are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, t#z max is less than t.z min both for a given device and from device to device. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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2000 


Unit 


<i|~<i|< 


Unit 
LA 
BHA 
mA 
mA 
LA 


Unit 


co |t 
7 | 


Notes 


2,3,4 
2,3,4 
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HM6167HCG-45, HM6167HCG-55 


@Read Cycle-1 (Notes 1, 2 


{RC 
taa 


tou 


Data Out ie r ee | Data Valid 


@Read Cycle-2 (Notes 1, 3) 


tre 


CS 
tyz) 
High Impedance High Impedance 
Data Out 8 P Cc . Data Valid = 
tpu tpp 
Vcc Supply ke SS 
Current 


Notes) 1. WE is high for Read Cycle. = 
2. Address valid prior to or coincident with CS transition low. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 


@WRITE CYCLE 
HM6167HCG-45 


- ee ” 
eae ce | Soe ee 
Write Enable to Output in High Z pote | oo | | | ss | 3,4 


iy) 

}} 
ioe) 
> 


Output Active from End of Write | tw =| oo | — | 


Notes) 1. If CS goes high simultaneouly with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4 


. This parameter is sampled and not 100% tested. 


156 @ HITACHI 


HM6167HCG-45, HM6167HCG-55 


@Write Cycle-1 (WE Controlled) 


7 SSS 
WAV 


ees TT aE 

: mS 
A_____/| 

ee 

= i. 


Data Out Data Undefined 
High Impedance 


@Write Cycle-2 (CS Controlled) 


iter nemcens Oe 


" anne Oe 227 


{DH 


Data In fe ( 
Data In Valid 


twz 


Address 


J 


Data Out 
Data Undefined High Impedance 
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HM6167HLP-45, HM616 7HLP-55 _ 


16384-word x 1-bit High Speed Static CMOS RAM 
® FEATURES 
@ Fast Access Time........... HM6167HLP-45 45ns (max) 
HM6167HLP-55 = 55ns (max) 
@ Low Power Standby and Low Power Operation 
Standby 5uW (typ) and Operating 200mW (typ) 
@ Capable of Battery Back-up Operation 
@ Single +5V Supply and High Density 20 Pin Package 
@® Completely static Memory 
No Clock or Timing Strobe Required 
@ Equal Access and Cycle Times 
@ Directly TTL Compatible ..... All Inputs and Output 


(DP-20) 
= BLOCK DIAGRAM 


eee = PIN ARRANGEMENT 


——— GND 


Row Memory Array 


Decoder 128 X 128 


p Colum tO me) Dout 
Column Decoder cerrea | 


‘Top View: 


# ABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 


Terminal Voltage with respect to GND -3.5* to+7.0| V 


Operating Temperature = ° 


C 
Storage Temperature Tstg —55 to +125 °C 
Storage Temperature Under Bias T bias —10to +85 is 
* Pulse Width 20ns, DC: —0.5V 
®= RECOMMENDED DC OPERATING CONDITIONS (7a = 0 to +70 C) 


stct nin Ton [ne 


Supply Voltage 


Input Voltage 


* Pulse Width 20ns, DC: V7; min = —0.5V 
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HM6167HLP-45, HM6167HLP-55 


M@ TRUTH TABLE 


H Not selected ade High-Z. : 
L ee Read Tee | Dot =‘ Read Cycle 
L Write Icc Write Cycle 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0~+70C ) 


Output Leakage Current CS =Vin, Ws =0V~ Vec Fo o— | = [| 2 | LA 
Operating Power Supply Current CS=Vi1, Output Open | — | 40 | 80 | mA 
in [ve SSSC~—~s St 
Standby Power Supply Current CS =Vec—0.2V 
Tsai KA 
VinS0.2V or Viv 2 Vec—0.2V 
Note) Typical limits are at Vec=5.0V, Ta™25°C and specified loading. 
MAC TEST CONDITIONS 
Input pulse levels: GND to 3.0V Output Load A Output Load B 
. ; +5V (for twuz, trz, twz & tow) 
Input rise and fall times: 5 ns +5V 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 480Q 4802 
Output load: See Figure Dout 
ar 30pF° Dout 
2550 oer 
* Including scope and jig. * Including scope and jig. 


MECAPACITANCE (Ta=25C, f=1MHz) 


Input Capacitance 


Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Ta=0C to +70°C, Vec=5V+10%, unless otherwise noted. ) 
@READ CYCLE 


HM6 16 7HLP-45 
Item Symbol - Unit Notes 

min min 

Address Access Time tAA - aaa ee ee 

Output Hold from Address Change tOH ee ee ee ee ee ee ee 

Chip Selection to Output in Low Z LZ 5 ae ee ee ee ee (2) (3) (7) 

Chip Selection to Output in High Z tHz PF oo 6 30s | 8s (2) 3) (7) 

Chip Selection to Power Up Time tPU ee ee 

Chip Deselection to Power Down Time (PD - fF 30 | - | 30 [ ns | 

NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 


] 

2. At any given temperature and voltage condition, f;;7 max. is less than t; 7 min. both for a given device and 
from device to device. 

Transition is measured +5OOmV from steady state voltage with specified loading in Load B. 

WE is High for READ cycle. 

Device is continuously selected, CS = V;,. 

Addresses valid prior to or coincident with CS transition low. 

This parameter is sampled and not 100% tested. 
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HM6167HLP-45, HM6167HLP-55 


@ TIMING WAVEFORM OF READ CYCLE NO. 1 *? ») 
[RC 


Address 


Previous Data 


Valid Data Valid 


Data Out 


@ TIMING WAVEFORM OF READ CYCLE NO. 2%? © 


[RC 
CS 
lacs tz") 
tris) 
High I d . High Impedance 
OaiOut ee e@e Data Valid i. sila 
/\_L\ 
I 
Vcc Supply ees y, 
Current Isp 50% 50% 


@ WRITE CYCLE 


ee HM6 167HLP-45 HM6167HLP-55 Uni N 
tem ym nit otes 
—— a 
55 


Chip Selection to End of Write 


Address Valid to End of Write LAW | 4006[ ll 
Address Setup Time tas | Oo | - | 


Write Cycle Time 


= 
Q 


9 
= 


ws 
low) 


io) 
i) 


Write Pulse Width 

Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enable to Output in High Z 


= 
~~ 
— 


5 ~ 
} : 
iv.) 


N 


2/5 
S| 
wm a 


ae en oe oe XG 
25 25 (3) (4 


NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


Output Active from End of Write tow 


twc 
CS 
WE 


‘pw 
2 Data in 
Din i Ga 


High Impedance 


Dout 
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HM6167HLP-45, HM6167HLP-55 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 


twc 
Address 
CS 
lwp 
“e \ / 
'DH 
Din Data in Vali 
lwZ 
High Impedance 
Dout 


MLOW Vcc DATA RETENTION CHARACTERISTKS (Ta=0C to 70°C ) 


Vec for Data Retention | Von | 


Data Retention Current Tccor KA 
Chip Deselect to Data Retention Time ns 
Operation Recovery Time ns 
XQ trcoRead Cycle Time * Veo m2.0V 
*® Veeo=3.0V 


@LOW V.c DATA RETENTION WAVEFORM 


Data Retention Mode 


CS > Vee -0.2V 
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HM6G267P-35,HM6267P-45 


Preliminary 
16384-word x 1-bit High Speed Static CMOS RAM 


= FEATURES 

High Speed: Fast Access Time 35/45ns (max.) 

@ Low Power Standby and Low Power Operation 
Standby: 0.1mW (typ.), Operation: 20OmW (typ.) 

@ Single 5V Supply and High Density 20 Pin Package 


@ Completely Static Memory ..... No Clock or Timing Strobe Re- 
| quired 
@ Equal Access and Cycle Time 
® Directly TTL Compatible: All Input and Output 7 (DP-20) 
= BLOCK DIAGRAM = PIN ARRANGEMENT 


—— Voc 


—=—— ~ GND 


Row Memory Array 


Decoder 128 X 128 


Pole tO | 10 Dout 
Column Tt tre | 


(Top View) 


Item Unit 
Voltage on Any Pin* V 
Power Dissipation 
Operating Temperature =G 
Storage Temperature °C 
Temperature Under Bias a & 


* with respect to GND. Vy min = -—3.5V (Pulse width 20ns) 


= RECOMMENDED DC OPERATING CONDITIONS (Tz = 0 to +70°C) 


Supply Voltage 


Input Voltage 


+ Pulse Width 20ns, DC: Vz; min = —0.5V 


Note: The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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HM6267P-35, HM6267P-45 


M@ TRUTH TABLE 


= DC AND OPERATING CHARACTERISTICS) (Vcc = 5V +10%(2), GND = OV, T, 
em min 
Input Leakage Current \In1\ | Voc = 5.5V, Vin = GND to Veg 
Output Leakage Current \Ir0 1| CS = Viz, Vout = GND to Vee 
Operating Power Supply Current | Ic¢ CS = Vzz,, Output Open 
| Isp CS = Vix 
IsB1 CS>Vec-0.2V, ViInS9.2V or Vin>Voc-0.2V 
VoL Iou =8mA 


i 
cn) 
- 
° 
+ 
—~) 
© 
° 
Q 
~ 
= 
9 
vad 
Cc 
=) 
aay 


S 

ay 
oS Ss 
CO | me | ee 
Oo;|o!]|o 
“~”™™ 
w 
Vw 

= 

> 


Standby Power Supply Current 


ron) 
ran) 
to 
Oo Nw) 
3 
> 


Output Voltage 


— 
om) 


SS 
E 
a fa 


VoH lou =—4mA 


Notes) 1. Typical limits are at Voc = 5V, Tg = 25°C and specified loading. 
2. Voc = 5V+5% for 35ns version. 
3. 100mA max. for 35ns version. 


™ AC TEST CONDITIONS 


Input pulse levels: GND to 3.0V Output Load A Output Load B 
Input rise and fall times: 5ns +5V (for twz, tuz, twz & tow) 
Input and Output timing reference levels: 1.5V va 
Output load: See Figure 4309 as 
Dout 
2552 30pF* Eat 
2550 Spee 
* Including scope and jig. * Including scope and jig. 


—@ CAPACITANCE (7, = 25°C, f= 1MHz) 


Input Capacitance 


Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (Vcc = 5V + 10%*, T, = 0 to 70°C, unless otherwise noted.) 
@® READ CYCLE 


HM6267P-35 HM6267P-45 


Item Symbol min | 
min 


Read Cycle Time 
Address Access Time 


Chip Select Access Time 
Output Hold from Address Change toH = aoe 


Unit Notes 


= 


a 
] 


in 


~™ ~ 
> iy 
> 1A 
Gn 
oh 
CA 
race 
pa) p 3 
7) 


} 
i) 


w 
jm) 
Ww 


Chip Selection to Output in Low Z trz a eae 2535-7 
Chip Deselection to Output in High Z 23,7 


Chip Selection to Power Up Time tpu re 
Chip Deselection to Power Down Time tpp te aS eae 


* Voc = SV + 5% for 35ns version. 


w 


@ HITACHI 163 


HM6267P-35, HM6267P-45 


@ TIMING WAVEFORM OF READ CYCLE NO. 1%? ©? 


NOTES: 


tO _— 


IA Nn & W 


Address 


Previous Data 


Valid Data Valid 


Data Out 


Data Out 


Vcc Supply 


Current 


All Read Cylce timing are referenced from last valid address to the first transitioning address. 

At any given temperature and voltage condition, t;;7 max. is less than ty 7 min. both for a given device and 
from device to device. 

Transition is measured +500mV from steady state voltage with specified loading in Load B. 

WE is High for READ cycle. 

Device is continuously selected, CS=Vjyz,;. __ 

Addresses valid prior to or coincident with CS transition low. 

This parameter is sampled and not 100% tested. 


@ WRITE CYCLE 


HM6267P-35 HM6267P-45 
Item Symbol - ; Unit Notes 
min max 
Write Cycle Time two 35 _ ns 2 
Chip Selection to End of Write tow 30 _ ns 


Address Valid to End of Write taw 30 — | 40 | - | ns 


Address Setup Time tas 0 0 - | _ as 
Write Pulse Width twp 20 25 — ns 


Write Recovery Time twrR 0 Pe eH _ ns 
Data Valid to End of Write tow 20 | 25 | - | as 


Write Enabled to Output in High Z twz 0 20 i. On eet ns 3,4 


Output Active from End of Write tow 0 PF o- | oOo | = | ons | 3,4 
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HM6267P-35, HM6267P-45 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


twe 


SMANUAN WIM. 


WR 


lpw 'DH 
Data in 
Din Valid 
low 


lwz 


High Impedance 


Dout Data Undefined 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 


twec 


Address 


t 


we WU TTT 


‘Dw ae 


Din | Data in Valid 


High Impedance 


Dout Data Undefined 


NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 


4. This parameter is sampled and not 100% tested. 
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HM6264P-10, IM6264P-12,— 
HMG6G264P-15 


8192-word x 8-bit High Speed Static CMOS RAM 


# FEATURES 

@ Fast access Time 100ns/120ns/150ns (max.) 

@ Low Power Standby Standby: 0.1mW (typ.) 
Low Power Operation Operating: 200mW (typ.) 

@ Single +5V Supply 

@ Completely Static Memory..... No clock or Timing Strobe Required 

@ Equal Access and Cycle Time 

@ Common Data Input and Output, Three State Output 

@ Directly TTL Compatible: All Input and Output 

@ Standard 28pin Package Configuration 

@ Pin Out Compatible with 64K EPROM HN482764 (DP-28) 


# BLOCK DIAGRAM 
# PIN ARRANGEMENT 


HS es ae 

A —o Vcc 
A Row Memory Matrix ——O GND 
i . Decoder 256 X 256 


Ai @ 
Az @ >i 
i see ee 
YO. 
Es Column 1/0 
Input Column Decoder 
Data 


_ ~~ t 
Al A2 Ag % 10 


VOs © 
t= 


Read. Write Control 


# ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 
Terminal Voltage * —0.5 ** to +7.0 


Vv 
Power Dissipation W GEoesey) 
Operating Temperature aC 
Storage Temperature nC 
Storage Temperature (Under Bias) °C 


* With respect toGND. ** Pulse width 50ns: —3.0V 
®# TRUTH TABLE 


Not Selected 
CH | H [Output Distbied [High ‘| _Icc,foca 
pL [TH | Lb [Red CUT SCout |e ccr 
aa 
ay 


xcleee Bin ec, Fees‘ Wie Cyele 
bin [Tee Fee Write Cycle 
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HM6264P- 10, HM6264P-12, HM6264P-15 
=m RECOMMENDED DC OPERATING CONDITIONS (Tz = 0 to +70°C) 


Supply Voltage 


Input Voltage 


~* Pulse Width 50ns: —3.0V 
® DC AND OPERATING CHARACTERISTICS (Vcc = $V+10%, GND = OFV, T, = 0 to +70°C) 


Item Symbol Test Condition min |typ* | max | Unit 
Input Leakage Current Vin=GND to Vcc P- | - | 2] vA 


CS1=Viyy or CS2=Vi, or OE=Viy or WE=V7, , 


Operating Power Supply Current CS1=Vrz, CS2=Vin, 1yo=0mA 
Average Operating Current Min. cycle, duty=100%, Ij;g=O0mA 
CS1=Viy or CS2= Vit 
Standby Power Supply Current CS12Vcc—0.2V, CS2=V ec —0.2V or CS2S0.2V Ps Toor) 24 mA 
CS2S0.2V 
VOL 


ToL=2.1mA 
Output Voltage Pees 
| VOH loH=—-1.0mA 


* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** Vr, min=—0.3V 


= CAPACITANCE (f= 1MHz, 7, = 25°C) 


———$—— -- —— —- 


Item Symbol ‘Test Condition 


Input Capacitance 
Input/Output Capacitance 
Note) This parameter is sampled and not 100% tested. 

= AC CHARACTERISTICS (Vcc = 5V+10%, Ta = 0 to +70°C) 
e AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10ns 

Input and Output Timing Reference Level: 1.5V 

Output Load: 1TTL Gate and Cy = 100pF (including scope and jig) 
e READ CYCLE 


HM6 264P-10 HM6 264P-12 HM6 264P-15 
Item Symbol Unit 
min max min max min max 


| Read Cycle Time tRC = 120 -- | iso | - | ns 
Address Access Time tAA — | 100 | - | 120 | - | 

ies Selection to Output ae ee = ‘O6 = er Pe haps. | a 
Output Enable to Output Valid tOE — 50 _ 60 = 
Output Enable to Output in Low Z eco ee ae oe ee ee ns 
Output Disable to Output in High Z tonz | 0 | 35 | 0 | 40 | 0 | 50 | ns 


Output Hold from Address Change 10 — 10 ~ 15 Po ns 


NOTES: 1 ty,7 and togqz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, yz max is less than t; 7 min both for a given device and from 


device to device. 
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HM6264P-10, HM6264P-12, HM6264P-15 


e READ CYCLE 


[RC Pan cet 


Address 


LAA 


s 


ai\\\\\\\\\\\\\\¥ ris MINI, 


thZl 


tco2 |-—$1— tz 


SNS 


1] SS 


<n 


NOTE: 1) WE is high for Read Cycle 


e WRITE CYCLE 
HM6 264P-10 HM6 264P-12 HM6 264P-15 


Item Symbol 
min max 


Write Cycle Time 


~ 
= 
Q 
a" 
jon) 
fo) 
Ns 


— 
nN 
— 
N 
fo) 


Chip Selection to End of Write tcw 
Address Setup Time 
Address Valid to End of Write taw 
Write Pulse Width 


: 
~ 


= 
a} 
~ 


tWwR1 


3 
4 
nlola fen 


— 
—N 


N 


mt | 
Mm! © 


CS1, WE 
Write Recovery Time | CSI, WE 


Write to Output in High Z twHZ Ee 0 ae ee EG) 5 

Data to Write Time Overlap tow | 40 | =- | 50 | 60 

Data Hold from Write Time tor fF oo {| - | 0 | Po 
oe ae 


Output Active from End of Write tow 
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ITIL 
- OX XO 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


HM6264P-10, HM6264P-12, HM6264P-15 


e WRITE CYCLE (1) (OE clock) 


lie 


[4] 
MLL IL LLL Ms 


a LEVEL ELED Ue, 
a 


10: fou fw 


MSS 
WE NNN ee 


fee 
long: ' 


fo lon 


Din 


e WRITE CYCLE (2) (OE Low Fix) 


tigi 4 
fou - iri L 
cst (AWWA . ALTA I IITA 
I ms hoe 4 : 
“ AANUNURNNNT 
hy RI. 4 
WE =a , 
” hee 8 
ise Wee ee ee AN EON /_\VWVV 


ST AE AE DE AP A I BD, i a SR TIS 
eo 

| Ty, \ RATAN AVAN 

ee (X? OMI, 


NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transition 
among CS1 going high, CS2 going low and WE going high. typ is 
measured from the beginninng of write to the end of write. 

2) tcw is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) tas is measured from the address valid to the beginning of write. 

4) twr is measured from the end of write to the address change. 
twR1i applies in case a write ends at CS1 or WE going high. 
twR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. __ 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CS1 is low and C82 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264P-10, HM6264P-1 2, HM6264P-15 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current I¢g, I¢c, (Normalized) 


Supply Current Icc, Ic¢c , (Normalized) 


Supply Voltage Voc (V) Ambient Temperature Tg CC) 


SUPPLY CURRENT vs. FREQUENCY ACCESS TIME vs. LOAD CAPACITANCE 


- 
_ 
| Es 


Access Time ta 4, tco (Normalized) 


Supply Current I¢g, (Normalized) 


Frequency (MHz) Load Capacitance Cy (pF) 


ACCESS TIME vs. 
ACCESS TIME vs. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time t4 4, tcg (Normalized) 


Access Time t4 4, tcg (Normalized) 


Supply Voltage Vcc (V) Ambient Temperature Tg (C) 
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Input Low Voltage Vyz7 nox (Normalized) 


Output High Current [9x7 (Normalized) 


INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 


Supply Voltage Voc (V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 


Output High Voltage Voy (V) 


HM6264P-10, HM6264P-1 2, HM6264P-15 


INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 


Input Low Voltage Vyz7mjp, (Normalized) 


Supply Voltage Vcc (V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 


Output Low Current Io; (Normalized) 


Outut Low Voltage Voz (V) 
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HVG264FP-12,HMG6G264FP-15 


8192-word x 8-bit High Speed Static CMOS RAM 


FEATURES 
High Density Small-sized Packaged 


Single 5V Supply 


Equal Access and Cycle Time 


= BLOCK DIAGRAM 


Os © 


Read. Write Control 


OE © 


#® ABSOLUTE MAXIMUM RATINGS 


Low Power Standby and Low Power Operation 

Standby: 0.1mW (typ.), Operation: 200mW (typ.) 
Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 


pe ote des | 

Aa © 

As © 

ie O Row Memory Matrix 
° pares ‘ 

i . Decoder 256 X 256 

Ai @ 

Ai2 © > Se i 

YO. Column 1/0 


Column Decoder 


Projection Area Reduced to One-Thirds of Conventional DIP 
Thickness Reduced to a Half of Conventional DIP 
High Speed: Fast Access Time 120/150ns (max) 


(FP-28) 


@ PIN ARRANGEMENT 


Item Symbol Unit (Top View) 
Terminal Voltage * —0.5 ** to +7.0 


: V 
Power Dissipation W 
Operating Temperature eC 
Storage Temperature °C 
Storage Temperature (Under Bias) Tobias a ©: 


* With respect toGND.  ** Pulse width SOns: —3.0V 


8 TRUTH TABLE 


WE OE 
x [H 

x 
H 

H 

L L 

L L 

X: HorL 
172 


1/O Pin Note 
High Z 


Not Selected 
(Power Down) 
pay 


H_| Output Disabled High Z 


aA, Dini Fee, Tees Write Cycle (1) 
Write . 
Din Fee, reer Write Cycle (2) 
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oH ——_———— HM6264FP-12, HM6264FP-15 


= RECOMMENDED DC OPERATING CONDITIONS (Tz = 0 to +70°C) 


Supply Voltage 


Input Voltage 


~* Pulse Width 50ns: —3.0V 


= DC AND OPERATING CHARACTERISTICS (Vcc = 5V+10%, GND = OV, T, = 0 to +70°C) 


Item 


Input Leakage Current 


Test Condition 
Vin=GND to Vcc 
CS1=Viy or CS2=Vyy or OE=Vint or WE= Vin» 


Output Leakage Current {Lo} V1jo=GND to Veo p= |= 2 | wA 
Operating Power Supply Current! IJcc CS1=Vyz, CS2=Vin, I1jo=0mA | - | 40 | 80 | mA 
Average Operating Current Icc1 Min. cycle, duty=100%, I7;9=OmA = | 60 | 110 | mA 
is | Sievm oCsYn Sm 
Standby Power Supply Current | Jspi** | CS12>Vcc—0.2V, CS22Vcc —0.2V or CS2$0.2V mA 
Ispox* | CS2S0.2V LS 0.02 21mA 
VoL | Jot=2.1mA Eee 0.4 | V 
Output Voltage me 
~ Von | lon=—1.0mA a | | V 


* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** Vip min=—0.3V 


= CAPACITANCE (f= 1MHz, 7, = 25°C) 


Input Capacitance 


Input/Output Capacitance 


Note) This parameter is sampled and not 100% tested. 
= AC CHARACTERISTICS (Vcc = 5Vt10%, 7a = 0 to +70°C) 


e AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: 1TTL Gate and Cy = 100pF (including scope and jig) 


@ READ CYCLE 
HM6264FP-12 HM6264FP-15 
min 


Item Symbol : 
max 
eae cy cletHng ‘RC : 


e 
= 
= 


Lo) 
© 


—_ 
=) 

a 
& 
Pad 


~ 
” 


Address Access Time taA =} 12 150 ns 
Chip Selection to Output I ‘col = = 

ey tees (ks 50 | as 
Output Enable to Output Valid tor fF 70 ns 


Chip Selection to Output * | CS! _| ter | 40 | - 
in Low Z a oe 


— 


Output Enable to Output in Low Z 
Chip Deselection to Output 


in High Z cz tye | 9 | 40 
Output Disable to Output in High Z touz | OO | 40 | 


Output Hold from Address Change toH 10 Po 


— 
Mim] MH 
CO}o|] © 


3 
— 
~N Ai an! an 


=} 
n 


a) 
aln 


sjs|s 
mini na 


ns 


NOTES: 1 tyz and togyz are defined as the time at which the outputs achieve the open circuit condition and are not referred 


to output voltage levels. 


2 At any given temperature and voltage condition, t#7z max is less than t,; 7 min both for a given device and from 


device to device. 


@ HITACHI 


173 


HM6264FP-12, HM6264FP-15 


e READ CYCLE 


Address 


. 


7A 


es LLL 


TAA 


vi MINA LL. 


tyZl 


tHZ2 


‘TI | ii 


Dout 


NOTE: 1) WE is high for Read Cycle 


@® WRITE CYCLE 
Item 


Write Cycle Time 


at XD 


Chip Selection to End of Write 


Address Setup Time 


min max 
120 ere 
8 


Address Valid to End of Write 


Write Pulse Width 


Write Recovery Time 


wRie J 98 a st 
Loe aed 


twR2 15 


Write to Outputiin High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

OE to Output in High Z 

Output Active from End of Write 


174 


ea 
See Pete 
od ea 
‘aw | 89 a 
twp 70 a ar 
twat 


= 
N 
i=) 


15 

0 
J al ee ees ee 
(ee) eee ee ee es (Oe 
Se re a 
tow =e ee eee ee 
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HM6264FP-12 HM6264FP-15 ; 
; Unit 


HM6264FP-12, HM6264FP-15 


e WRITE CYCLE (1) (OE clock) 


tie 


Fee Seta ae rset ee 
Address ee ee ee) 


[4] 
8 YM IIL LL, QQ 


(6] tt " a 


ese LILLIA LK SESS 


Ling y 


TMH by VUE 


lonz [5 


WE 


e WRITE CYCLE (2) (OE Low Fix) 


NOTES: 


hire 


Address a eee 


tay 


— 


ie 
be 


wi SEE 


CS? 
WE 
De es oe I WITT 
FLD ITLLEALL LDS as TE NE AV AVA 
samme AD 
VC VV NAN AAA 
= X> YIPTTALY 


1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transition 
among CS1 going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write. 

2) tcw is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) tag is measured from the address valid to the beginning of write. 

4) twr is measured from the end of write to the address change. 
twR1 applies in case a write ends at CS1 or WE going high. 
twR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. __ 

6) If CS1 goes low simultaneously witn WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LP-10, HMG264LP-12° 
HMG6G264LP-15 


8192-word x 8-bit High Speed Static CMOS RAM 


= FEATURES 

@ Fast access Time 100ns/120ns/150ns (max.) 

@ Low Power Standby Standby: 0.01mW (typ.) 
Low Power Operation Operating: 200mW (typ.) 


Capability of Battery Back-up Operation 

Single +5V Supply 

Completely Static Memory..... No clock or Timing Strobe Required 
Equal Access and Cycle Time 

Common Data Input and Output, Three State Output 

Directly TTL Compatible: All Input and Output 

Standard 28pin Package Configuration (DP-28) 
Pin Out Compatible with 64K EPROM HN482764 


= BLOCK DIAGRAM 


aa 
i —o Vcc 
5 O 
a : Row Memory Matrix ——oO GND 
Ks . Decoder 256 X 256 
Aii © 
Air € > 9 cae 
Facet 
0:10 
oe Column I/0 


Column Decoder 


2~ 
Ay Ae Ae Kio 


= } 
Le 


i 
leeney 


Timing Pulse Cen. 


=" PIN ARRANGEMENT 


Input 
Data 
Control 


VOg @ 
t= 


meee a 


Read. Write Control 


# ABSOLUTE MAXIMUM RATINGS 


Terminal Voltage * V 

Power Dispation ce a ee 
Operating Temperature °C | 

Storage Temperature 2c 

Storage Temperature (Under Bias) °C 


* With respect to GND. ** Pulse width SOns: —3.0V 
# TRUTH TABLE 


x Not Selected High Z 

i 

H [LA |. [Red | Dowt | _/ec, fect 
ee 
a a al ini ee Feoa____| Write Cycle @) 
X: Hor L 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 
= RECOMMENDED DC OPERATING CONDITIONS (Jz = 0 to +70°C) 


Supply Voltage 


Input Voltage 


* Pulse Wadth SOns: —3.0V 
= DC AND OPERATING CHARACTERISTICS (Vcc = 5V+10%, GND = OV, T, =O to +70°C) 


Item Symbol Test Condition min | typ* Unit 
; Input Leakage Current Wor! Vin=GND to Vcc p- | - | 2) uA 
Output Leakage Current ILO} ae CPOE NIH COE WES Vit, =] = Z wa 
Operating Power Supply Current! Jcc CS1=Viz, CS2=ViH, I1;jo=0mA Mie 80 | mA 
Average Operating Current Icc1 Min. cycle, duty=100%, J7/9=O0mA — 60 110 coe 
T Isp | CS1=Viy or CS2= Vip ie 1 3 | mA 
Standby Power Supply Current | /spi** CS12Vcc—0.2V, CS22Vcc —0.2V or CS2S80.2V = 2 ir 00 | uA 
Ispo** | CS2S0.2V ule 2 | 100 | uA 
Output Voltage | You | se sariete —_ mn i < 
VOH lOoH=~—1.0mA | 2.4 ~ = V 


* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** Vr7 min=—0.3V 


= CAPACITANCE (f= 1MHz, 7, = 25°C) 


Input Capacitance 

"Input/Output Capacitance 
Note) This parameter is sampled and not 100% tested. 

= AC CHARACTERISTICS (Vcc = 5Vt10%, Ta = 0 to +70°C) 

@ AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10ns 

Input and Output Timing Reference Level: 1.5V 


Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 
e READ CYCLE 


HM6 264LP-10 HM6 264LP-12 HM6 264LP-15 
Item Symbol Unit 
min max min max min max 


Read Cycle Time tRC 100 — | 120 | - | 150 | = | 
Pe 


3 
wn 


=) 
n 


| 
n 


Chip Selection to Output ier perf FeO. Pe 150 ns 


Output Enable to Output Valid ns 


—y 

So 

reel 

WG 
~ 
© 


Chip Selection to CSI a 


ns 
ns 


<w 
ee 
Output Disable to Output in High Z Cieee sane S ns 


Output Hold from Address Change tOH 10 _ 10 — 15 — ns 


NOTES: 1 tyyz and toyz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, fyz max is less than t; 7 min both for a given device and from 


device to device. 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 


e READ CYCLE 


ai \\\\\\\\\\\\\\\\\y = MIN ALLL, 
08 ML * WMO 


lyz2 


“TI | ai 
a OX mat “XD 


~-lon 


NOTE : 1) WE is high for Read Cycle 


e WRITE CYCLE 


HM6 264LP-10 HM6 264LP-12 HM6264LP-15 
Item Symbol Unit 


somit pmax | min | max | min [om 
Chip Selection to End of Write | tew { 80 | - | 85 | - | 100 | - | ns 
Address Valid to End of Write taw | 80 | - | 8s | - | 100 | - | ms 
Write Pulse With we [so | - | 7 | - | 9 | - | ms 


Data to Write Time Overlap tw | 40 | - | so | - | 68 [| - | ns 
Data Hold from Write Time [tH [| 0 | - | o [| - [ o [| - | ns 
Output Active from End of Write | row [| 5 | - [| 5s | - | 109 | - | ns 
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HM6264LP- 10, HM6264LP- 12, HM6264LP-15 


e WRITE CYCLE (1) (OE clock) 


bo Selo. ae A 


Address « x 


@ WRITE CYCLE (2) (OE Low Fix) 


puss twe 2 


Address 
-fAWoo ct 


tow([2]! 


NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 


WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CS1 going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write. 

2) tcw is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) tag is measured from the address valid to the beginning of write. 

4) twr is measured from the end of write to the address change. 
twri applies in case a write ends at CS1 or WE going high. 
twrg2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 


= LOW Vcc DATA RETENTION CHARACTERISTICS (Tz = 0 to +70 °C) 
Item Test Condition typ | max | Unit 


V CS1>V — 0.2V,CS2>V —0.2V or CS2<0.2V 
Vcc for Data Retention =' cc =”CC S 


CSEE02V 


Voc = 3.0V, CSI = Veg — 0.2V, 


ee — 0.2V or CS2 < 0.2V 

Data Retention Current tate Veo = 9 ee 
IccprR2 | Vcc = 3.0V, CS2 § 0.2V 

Chip Deselect to Data Retention 

Time ‘CDR See Retention Waveform 

Operation Recovery Time tr tro 


* V7, min = -0.3V, 20uA max at Tg=0~40°C 
** tc = Read Cycle Time 


e LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 
Data Retention Mode 


CS12>Vec — 0.2V 


OV-~---—----- -3- rrr ey a, iy, we, Se ee a a a a ee ee ee 


© LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 


Data Retention Mode 


0.4V- ee =m 
CS2 < 0.2V 


QV--~------ oe 


NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OF and Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CS1 controls the data retention mode, CS2 
must satisfy either CS2 > Vcc—0.2V or CS2 <_0.2V. The other input 
levels (address, WE, OE, I/O). can be in the high impedance state. 
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Supply Current I¢cg, I¢c, (Normalized) 


Supply Current I¢c, (Normalized) 


Access Time tg 4, tco (Normalized) 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


Supply Voltage Voc (V) 


SUPPLY CURRENT vs. 
FREQUENCY 


Frequency (MHz) 


ACCESS TIME vs. 
SUPPLY VOLTAGE 


Supply Voltage Voc (V) 


HM6264LP-10, HM6264LP-12, HM6264LP-15 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


Supply Current Io¢c, I¢c, (Normalized) 


Ambient Temperature Tg (°C) 


ACCESS TIME vs. 
LOAD CAPACITANCE 


Ta = 25°C 
Voc =MIN 


Access Time tg 4, tco (Normalized) 


Load Capacitance Cy (pF) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 


TE 
ee 
a 
| ea 
a en 


Access Time ta, tco (Normalized) 


Ambient Temperature Tg (C) 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 


INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE 
SUPPLY VOLTAGE vs. SUPPLY VOLTAGE 


Input Low Voltage V7z7 mgx (Normalized) 
Input High Voltage Vyz7 nj, (Normalized) 


Supply Voltage Vcc (V) Supply Voltage Voc (V) 
OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output High Current Io7 (Normalized) 
Output High Current Io, (Normalized) 


Output High Voltage Voy (V) Output Low Voltage Voy, (V) 


STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


0.5 


0.1 
0 20 40 60 80 


Ambient Temperature T, (C) 


Standby Current TccpR: !sB1, IsBg (Normalized) 


Supply Voltage Voc (V) 


Standby Current Iccpr, Isp1, Ispg (Normalized) 
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HM6264LFP-12,HM6264LFP-15— 


8192-word x 8-bit High Speed Static CMOS RAM 


FEATURES 
High Density Small-sized Packaged 
Projection Area Reduced to One-Thirds of Conventional DIP 
Thickness Reduced to a Half of Conventional DIP 
High Speed: Fast Access Time 120/150ns (max) 
Single 5V Supply 
Low Power Standby and Low Power Operation 
Standby: 10uW (typ.), Operation: 200mW (typ.) 
Capability of Battery Back-up Operation 
Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 
Equal Access and Cycle Time 


(FP-28) 


Sa ihe @ PIN ARRANGEMENT 


Memory Matrix 


2Ab A 2Ab 


Column | O 


Column Decoder 
e e 


input 


Data 


Control 


® ABSOLUTE MAXIMUM RATINGS 


Item 
Terminal Voltage * 


(Top View) 


Power Dissipation 1.0 
0 to +70 
-S5 to +125 


—10to +85 
* With respect to GND. ** Pulse width 5Ons: —3.0V 


Operating Temperature 
Storage Temperature 
Storage Temperature (Under Bias) 


x H [XTX Not Selected 7 
‘xx DL) X_| Power Down) 

H | L | H | H | Output Disabled 

H L H L | Read © Dout Icc,/CC1 

L | L | H Din / Ice,icc1 —_| Write Cycle (1) 
Seer bn reece eae 

xX: HorLh 
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HM6264LFP-12, HM6264LFP-15 


= RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) 


Supply Voltage 


Input Voltage 


* Pulse Width 50ns: —3.0V 
® DC AND OPERATING CHARACTERISTICS (Vcc = 5V410%, GND = OV, T, =0 to a 


Item Symbol Test Condition max | Unit 
Input Leakage Current Vin=GND to Vcc a pA 
uA 


CS1=Vyy or CS2=Vy, or OE=Vyyy OF ee | 
Output Leakage Current Viyo=GND or Voc 
Operating Power Supply Current BE mA 
Average Operating Current Iccl | = | 60 | 110 | mA 


CS1=Vizt, CS2=Vin, [1;o=0mA 
Min. cycle, duty=100%, J7;9=0mA 


CS1=ViH or CS2= Viz p= | 1 3 | mA 
Standby Power Supply Current | Jspi** | CSI2Vcc—0.2V, CS22Vcc —0.2V or CS2S0.2V 2 |100 | pA 
CS2S0.2V 2/100 | wA 
VOL IoL=2.1mA — 0.4 V 
Output Voltage Sy 


* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** Vir min=—0.3V 


® CAPACITANCE (f= 1MHz, 7, = 25°C) 


Input Capacitance ca 
Input/Output Capacitance | Viyo=0V | - | 8 | 
Note) This parameter is sampled and not 100% tested. 

# AC CHARACTERISTICS (Voc = 5V+10%, Ta = 0 to +70°C) 


e AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: 1TTL Gate and C, = 100pF (including scope and jig) 


® READ CYCLE 
HM6264LFP-12 OZ 0ee 15 : 
Unit 


= eae [max [max 
Read Cycle Time | tro ns 
Address Access Time taAA 120 ns 
CS1 ‘col ci 


Chip Selection to Output = 
S 


0s 


CS2 ae 


PEE 
Chip Selection to Output a 


Output Enable to Output in Low Z tOoLz ee ns 
Chip Deselection to Output THZ1 I, 200: ns 
in ih Z tees || tons 
Output Disable to Output in High Z uz ne ee ee eee ns 
Output Hold from Address Change FS f= 
NOTES: 1 t777 and to;7z are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 


2 At any given temperature and voltage condition, t#7z max is less than trz min both for a given device and from 
device to device. 


Output Enable to Output Valid 


ns 
ns 


ns 
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HM6264LFP-12, HM6264LFP-15 


e READ CYCLE 


i \\\\\\\\\\\\\\\y = WML! 
08° I fe = — ANN 


Eig 


PANNANNNNNNNANANANANNANNNN ei |__ fab LMNYL 
Dow © at 


NOTE: 1) WE is high for Read Cycle 


@ WRITE CYCLE 


Write to Output in High Z twHZ 


=} 
na 


Item Symbol Unit 
max min max 
Write Cycle Time iwe | _1s0 [| as 
Chip Selection to End of Write tow a eae 100 P| ns 
Address Setup Time tas | of - | 0 [| - | ms 
Address Valid to End of Write taw | 8 | - | 100 | | ons 
Write Pulse Width —twe [f= 90s 
Sree oe CSLWE [ twrr | 5 | - | 1 | - | ns 
twa | OL AO 0 

Data to Write Time Overlap tow C0 OS ns 
OE to Output in High Z tonz [| 0 | 4 | 0 [30 | ms 
Output Active from End of Write tow ee es De ee ns 
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HM6264LFP-12, HM6264LFP-15 


@ WRITE CYCLE (1) (OE clock) 


- ——~-twe -- - 


Address XX 


© WRITE CYCLE (2) (OE Low Fix) 


Address 


tfpw+!pH- | [9] | 


NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CS1 going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write. 

2) tow is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) tag is measured from the address valid to the beginning of write. 

4) twr is measured from the end of write to the address change. 
twR1 applies in case a write ends at CS1 or WE going high. 
twR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LFP-12, HM6264LFP-15 


= LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70 °C) 


Item Symbol Test Condition Unit 
ad . Vori_| CSI2V cc - 0.2V,CS22V cc -0.2V or C$250.2V. | 20 ]- | - | Vv 
cc for Data Retention 
CS2 < 0.2V es a 
T Vcc = 3.0V, Csi 2 Voc . 0.2V, 1 50* wA 
CS2 Pea Voc — 0.2V or C82 S 0.2V 7 
lconne-| Voo=30V; CS? <0 2V |) - fa [so* | wa 
Chip Deselect to Data Retention 
Time ‘CDR See Retention Waveform po f=] | el 
Operation Recovery Time p= | = | ns 


* Vz, min = -0.3V, 20uA max at Tg=0 ~ 40°C. 
** to = Read Cycle Time : 


Data Retention Current 


@ LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 


tcpR Data Retention Mode tr 


eh CS12Vec - 0.2V 


QV------------~---- ---.~---------------~-~-.-. 


© LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 


Data Retention Mode 


NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE and Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CS1 controls the data retention mode, CS2 
must satisfy either CS2 > Vcec—0.2V or CS2 < 0.2V. The other input 
levels (address, WE, OE, I/O)can be in the high impedance state. 
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HM6287P/HM6287CG Series 


65536-word x 1-bit High Speed Static CMOS RAM 


@ FEATURES 
@ High Speed: Fast Access Time 55/70ns (max.) 

@ Low Power Standby and Low Power Operation 
Standby: 0.1mW (typ.), Operation: 300mW (typ.) 

@® Single 5V Supply 

® Completely Static Memory 
No Clock or Timing Strobe Required 

@ Equal Access and Cycle Time 

® Directly TTL Compatible: All Inputs and Output 


= BLOCK DIAGRAM 


Memory Array 


Column 1/0 


ARAARAAR 


Item 


Voltage on Any Pin* 


Power Dissipation 
Operating Temperature 
Storage Temperature** 
Temperature Under Bias 


* with respect to GND. V7 mijn = —3.5V (Pulse width 20ns) 
** ~55 to +125°C for Plastic DIP 
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Under Development 


HM6287P-55, HM6287P-70 


(DP-22A) 


HM6287CG-55, HM6287CG-70 


@ PIN ARRANGEMENT 
@ HM6287P Series 


(Top View) 
@® HM6287CG Series 


a ce oe oe ee 
Worn 


rarcar 


i 


oh pes 
| It 
1Ob pig bi2d 4 


koh ooff ~Poden| rs | 
——s5 


(Top View) 


HM6287LP Series 


65536-word x 1-bit High Speed Static CMOS RAM 


FEATURES 

High Speed: Fast Access Time 55/70ns (max.) 

Low Power Standby and Low Power Operation 
Standby: 10uW (typ.), Operation: 300mW (typ.) 

Capability of Battery Back-up Operation 

Single 5V Supply 

Completely Static Memory 
No Clock or Timing Strobe Required 

Equal Access and Cycle Time 

Directly TTL Compatible: All Inputs and Output 


BLOCK DIAGRAM 


Memory Array 


Dout 


V/ 


Din a Column 1/0 
Pw Column Decoder 


cs-{>0 
opt) RARAAHHAR 
A. A. As A. A. A. Aw As Aun i 


ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin* -0.5 to +7.0 Vv 
Power Dissipation Pr WwW 


Operating Temperature Topr 0 to +70 in 
Storage Temperature T stg ~55 to +125 1 
Temperature Under Bias -10 to +85 °C 


* with respect to GND. Vp min = -3.5V (Pulse width 20ns) 
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Under Development 


(DP-22A) 


@ PIN ARRANGEMENT 


(Top View) 
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HMG6G5256P Series 


32768-word x 8-bit High Speed Pseudo Static CMOS RAM 


The HM65256P is a 32,768-words x 8-bits, high speed, pseudo static 
CMOS Random Access memory. 

This new breed of pseudo static RAM utilizes HITACHI’s double- 
layers CMOS technology and advanced circuit techniques for high 
performance and high functional density. 

The HM65256P is offered in a standard 600 mil 28 pin dual-in-line 
plastic package, and guaranteed for operation from O°C to 70°C at 
the condition of 5-V single power supply with +10% tolerances. 

All inputs and outputs are compatible with high performance logic 
families, such as Schottky TTL. 

As for refresh functions, including address refresh, refresh control 
function available on 22 pin provides automatic and self-refresh 
modes. 


FEATURES 

Organized as 32768-words x 8-bits 

Single 5V Power Supply 

High Speed: ---- Access Time 150/200ns (max). 
Control on Pin-22 for automatic and self reflesh 
Equal access and cycle time 

All inputs and outputs TTL compatible 

22 pin function 
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Under Development 


(Top View) 


M05 DYNAMIC RAM 
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HM48416AP-1t2, HM48416GAP-15 


HM4841GAP-20 


16384-word X 4-bit Dynamic Random Access Memory 


=m FEATURES 
@® 16384-word x 4-bit Organization HM48416AP-20 
@ Single 5V (+10%) 
@ Low Power; 303mW Active, 20mW Standby 
@ High speed: Access Time 120ns/150ns/200ns (max) 
@ Page mode capability 
@ Output data controlled by CAS, OE 
@ TTL compatible 
@ 128 refresh cycles (Ag ~Ag, 2ms) 
| it 
= BLOCK DIAGRAM 
Generator 
RAS 
y Data out 
CAS CAS Clock = Veen 101 ~1 04 
[Row Dec [2 LB iRow Der | Buffers 
al | 
Are : E mbes 
A¢6° = ec|Memory| | 4 —— Vw 
aa v|Array _ 
wn eg 5 ——oVs5 
nd IN 
x 


Vez Generator 


‘ 1~ As) <= 
CAS 
1/01 ~ 1/04 
# ABSOLUTE MAXIMUM RATINGS Lael 
OE 
Item Symbol 
ee eee RAS 
Voltage on any pin relative to Vgg Vr wit 
Supply Voltage relative to Vgg Voc 
Short Circuit Output Current i mA "cc 
Power Dissipation Pr 1.0 W Vss 
Operating Temperature Topr 0 to +70 "IC 


Storage Temperatue 


—55 to +125 °C 


= RECOMMENDED DC OPERATING CONDITIONS (72 =0 to +70°C) 


Supply Voltage 


Input Voltage 


Note All voltages referenced to Vgg. 
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HM48416AP-12, HM48416AP-15, 


(Top View) 


Address Inputs 

Column Address Strobe 
Data In/Data Out 
Output Enable 

Row Address Strobe 
Read/Write Input 
Power (+5V) 

Ground 


HM48416AP-12, HM48416AP-15, HM48416AP-20 


= DC ELECTRICAL CHARACTERISTICS (Te=0 to 70°C, Voe=5V+10%, Vgg=0V) 


HM48416AP | HM48416AP 
Paramater “12 “15 -20 Notes 
[min | max_| min 
Operating Current (RAS, CAS Cycling: tp ¢=min) Ween BO SS oe dS. a, 1,2 
Standby Current (RAS=V 47, Dout=High Impedance) ‘Ieco | — | 3.5 | - | 3.5 | - | 3.5 | mA| 
Refresh Current (RAS Cycling, CAS=V7;;, tpc=min) lIec3 | — | 42 | - [ 38 | - [ 33 | mal 2 
Standby Current (RAS=V;;, Dout Enable) lIecs | — | 55 | — [ 55 | - [| 5.5 |mA[ 1 
Page Mode Current (RAS=V7,, CAS Cycling; tpc=min) ‘Ices | — | 42 [| — | 38 | - | 33 | mA] 1,2 
Input Leakage (0< Vin <6.5V) Ty; | -10 —10 -10 
Output Leakage (Dout is disabled, 0< Vou:<5.5V) —10 —10 -10 | 10 | wA 
Output Levels High ou¢=—S5mA) Vou Vcc Voc | V 
Output Levels Low Upoy;=4.2mA) VoL [Or | 0.4 | of 04 | 0 | 0.4 Vv 
Notes) 1. Jcc depends on output loading condition when the device is selected, /¢¢ max is specified at the output open 
condition. 
2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 
m CAPACITANCE (Vcc=5V+10%, Ta =25°C) 
Parameter Symbol typ max Unit Notes 

[_~—=éAdress Sid Gin ~SdT SS pF l 
Input Capacitance RAS, CAS. WRITE, OF ee i i oF i 
Output Capacitance | Dataln/Dataout «|| «Co | | | 


Notes) 1. Capacitance mesured with Boonton Meter or effective capacitance measuring method. 
2. CAS=V 74, to disable Dout. 


= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to 70°C, Vec=5V+10%, Vss=0V)* 1” 
HM48416AP-12|HM48416AP-15 


Unit | Note 
min [max 
Random Read or Write Cycle Time tre 


Parameter 


MR 
< 
3 
Ss 
ie} 
— 

N 

& | 2. 

o;s 

N 

nN 

z 

Ww 

Ww 

E 


> 
—N 
j=) 
n 


* 


Page Mode Cycle Time tpc | 130 = 145 =a 190 s 

Access Time from RAS tego. = 120} - | 150] - | 200 2, 3 
Access Time from CAS | tcac| - | 60| - | 75[ - | 100 3,4 
Output Buffer Turn-off Delay referenced to CAS| torryz|) — 35 —~ 40 pee 50) ra 
Transition Time (Rise and Fall) 3 35 3 35 50| ns __ 
RAS Precharge Time trp | 100 | - | 100 | — | 120 | - | ns | 

CAS Pulse Width fous | 60 10000 | 100 | 10000| ns _| 
Column Address Hold Time referenced to RAS “tar | 80 | — | 100 | - [| 130 | — | ns | 
Write Command Hold Time je A a 


(to be continued) 
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HM48416AF-12, HM48416AP-15, HM48416AP-20 


pe HM48416AP-12}HM48416AP-15|HM48416AP-20 ie 
arameter 

| min | max | "min | max | min | max | 
Write Command Hold Time refferenced to 120 155 
RAS tWCR 
Write Command Pulse Width ‘twp | 40 | - | 45 | - [| s5 [ - [ ns | 
Write Command to RAS Lead Time ‘tewe. | 40 | - | 45 | - | ss | - | ms 
Data-in Hold Time eee eee ae 
Read Command Set-up Time rircs | Of - | of - | o|- |_| 
Read Command Hold Time refferenced to ; po = | ons 
CAS RCH 
can Cc ce ee 
Refresh Period Acre Oe a 
CAS _to WE Delay Time ‘tcwp | 105 | - | 125 [| - | 160 | - | ns | 8 
RAS to WE Delay Time ‘trwp | 165 | - | 200 | - | 260 | - | ns | 8 


CAS. Precharge Time (for Page-mode 
Cycle Only) 

CAS” Precharge Time 

RAS Precharge to CAS Hold Time 

Access Time from OE 

Output Buffer Turn-off Delay refferenced 
to OE 

OE to Data-in Delay Time 


~ 

Q 

a) 
sis. 


GN 


Notes: 


1. 
2. 


nS 
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AC measurements assume tp = Sns. 

Assumes that trcp Strcp (max). If trop is greater 
than the maximum recommended value shown in this 
table, tp 4c exceeds the value shown. 


. Measured with a load circuit equivalent to 2TTL loads 


and 100pF. 


. Assumes that trop 2 trcp (max). 


toFF, (max) and toprrg (max) define the time at 
which the output achieves the open circuit condition. 
Vig (min) and V;; (max) are reference levels for 
measuring timing of input signals. Also, transition times 
are measured between V7;; and V7,. 

Operation within the tpcp (max) limit insures that 
trac(max) can be met, trop (max) is specified as a 
reference point only; if trop is greater than the spe- 
cified trop (max) limit, then access time is controlled 
exclusively by tcc. 

twcs, tcwp and trwp are not restrictive operating 
parameters. 


10. 


Ww 
nn 


we 
.o) 


> 
jo) 
> 
om) 
o,) 
Oo 
7a) 
co) 


Nn 
i) 


11 


—~ 
cm) 
ee) 


They are included in the data sheet as electrical charac- 
teristics only; if twos 2 twcog (min), the cycle is an 
early write cycle and the data output pin will remain 
open circuit (high impedance) throughout the entire 
cycle; if tcwp 2 tcwp (min) and trwp 2 trwp (min) 
the cycle is a read-write cycle and the data output will 
contain data read from the selected cell; if neither of the 
above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 


. These parameters are referenced to CAS leading edge in 


early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

An initial pause of 100us is required after power-up 
followed by a minimum of 8 initialization cycles. _ 


. In delayed write or read-modify-write cycles, OE must 


disable output buffers prior to applying data to the 
device. 
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HM48416AP-12, HM48416AP-15, HM48416AP-20 


s TIMING WAVEFORMS 
@ Read Cycle 


iRC 


RAS 


trp 


Address N }) 
7 ae 
= as 


WRITE 


VALID 
Ve 4 OUTPUT y 
LRAC 
tOFF2 
LOAC 
OE 
*(["]: Don’t care 
@ Early Write Cycle 
RAS 
trp 
ICRP 
CAS 


CPN 


sr Se coumeX | |) 
loco a 


ware | 
lesen 


tpH 
LDHR 


1/O é VALID INPUT ) 
re 


tps * OE : Don’t care 
C__]: Don’t care 
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HM48416AP-12, HM48416AP-15, HM48416AP-20 


@ Delayed Write Cycle 


RAS 
IRP 
ICRP 
CAS 
LCPN 
ie = 3 tCAH 
ICWL 
LRWL 
wane ee 
ware [CA 
twp—~ 
tDH 
ce 
I/O M VALID INPUT) 
ie 
toDD 
OE * [7 J: Don’t care 
@ Read Modify Write Cycle 
RAS tRWC 
tRAS 
h locity 
j tCRP 
CAS 
LASR b tCPN 
tAR 
tRAH : 
gz pag tasc 
sates {wow Kou?) 
tCAH tCWL 
iRWL 
icwD 
trRwpb tDH 
_ = ICAC 
t 
OPEN ne 
VALIDYVY 
1/0 paneer X MSG Co) 
lOAC Pani 
OE 


*[ 1): Don’t care 
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HM48416AP-12, HM48416AP-15, HM48416AP-20 


@ Page Mode Read Cycle 
RAS 


tcsH 


iT tPC 
; tRCD 
CAS ECAS tCAS 


tRAH | 
Rearuy | Roum coum | 


Address t ROW |X 
rf tt ; in 


trac epi 
tCAC tcac 

pe torr peed ee LOoRFI 
7 OPEN VALID Ny Civatip 4 VALID 

OUTPUT OUTPUT OUTPUT 

| 
toac 
torre 

OE 


* (J): Don’t care 


tec 
LCRP 
tCAS tCAS tcas { 


tASR ‘- 
Fouumyk | ot my 


Address ( ROW }) 


WRITE 
tps tos 
LDH tDH 
VALID VALID VALID 
us B: INPUT x Xx INPUT | \ INPUT 
A EDHR 
topD 
= {$< —_—____—— 


*(__]: Don’t care 
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HM48416AP-12, HM48416AP-15, HM48416AP-20 
@ RAS Only Refresh Cycle 


ERC 


ERAS 
trp 


LRPC 


Address 


OPEN 


I/O 
* OE, WE: Don’t care 


{1}: Don’t care 
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HM4864-2, HM4864-3 
HM4864P-2, iM4864P-3 


65536- word X 1-bit Dynamic Random Access Memory 


The HM4864 is a 65,536-words by 1-bit, MOS random access 
memory circuit fabricated with HITACHI’s double-poly N-channel HM 4864-2, HM 4864-3 
silicon gate process for high performance and high functional 
density. The HM4864 uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. 

Multiplexed address inputs permit the HM4864 to be packaged ina 
standard 16 pin DIP on 0.3 inch centers. 

This package size provides high system bit densities and is 
compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 
+5V with +10% tolerance, direct interfacing capability with high (DG-16A ' 
performance logic families such as Schottky TTL, maximum input 
noise immunity to minimize “false triggering” of the inputs, on-chip HM 4864P -2, HM4864P -3 
address and data registers which eliminate the need for interface 
registers, and two chip select methods to allow the user to determine 
the appropriate speed/power characteristics of this memory system. 
The HM4864 also incorporates several flexible timing/operating 
modes. 

In addition to the usual read,write, and read-modify-write cycles, the 
HM4864 is capable of delayed write cycles, page-mode operation 
and RAS-only refresh. 

Proper control of the clock inputs (RAS, CAS, and WE) allows 
common 1/O capability, two dimensional chip selection, and 
extended page boundaries (when operating in page mode). 


WM FEATURES MPIN ARRANGEMENT 
@ Recognized industry standard 16-pin configuration 

150ns access time, 270ns cycle time (HM4864-2, HM4864P-2) 
200ns access time, 335ns cycle time (HM4864-3, HM4864P-3) 
Single power supply of +5V+10% with a built-in Vgg generator 
Low Power; 330 mW active. 20 mW standby (max) 

The inputs TTL compatible, low capacitance, and protected 
against static charge 

Output data controlled by CAS and unlatched at end of cycle to 
allow two dimensional chip selection and extended page bound- 
ary 

@ Common !/O capability using ‘’early write’’ operation 


@ Read-Modify-Write, RAS-only refresh, and Page-mode capability 
@ 128 refresh cycle (Top View) 
Ao-A; Address Inputs 
CAS Column Address Strobe 
Din Data In 
Dout Data Out 
RAS Row Address Strobe 
WE Read/Write Input 
Vec Power (+5V) 
Vss Ground 
Ao-As |. Refresh Address Input 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


MIFUNCTIONAL BLOCK DIAGRAM 


© Din 


Data in 
Buffer 
Data out é 
Buffer 


M ABSOLUTE MAXIMUM RATINGS 
Dout Voltage on any pin relative 


CAS 
RO-V BS ag as beatae he uote acted -1.0 to+7V 

= Ver Operating Temperature, Ta 
Ar =—ovss (Ambient). ............. 0 to +70°C 


Storage Temperature 
(Ambient) ........ -65 to +150°C (Cerdip) 
-55 to +125°C (Plastic) 
Short-circuit Output Current . 50mA 
Power Dissipation ......... 1W 


Refresh Addresses 
Address Buffers 


4 
> 
o 


HM RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Parameter Symbol | min | tye mae 


Unit 
Input High Voltage Vin 2.4 = 6.5 1 
V 


Input Low Voltage Vit —-1.0 2 | 0.8 | 


Parameter 


OPERATING CURRENT 
Average Power Supply Operating Current (RAS, CAS Cycling; tx-=min. ) 


STANDBY CURRENT 
Power Supply Standby Current (RAS = Vin, Dout =High Impedance ) 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 

(RAS Cycling, CAS = Vin; trc=min. ) 

PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation 

(RAS = Viz, CAS Cycling; tec =min. ) 

INPUT LEAKAGE 

Input Leakage Current, any Input (V..=0 to +6.5V, all other pins not 
under test =0V ) 


OUTPUT LEAKAGE 
Output Leakage Current (Dout is disabled, V.1.=0 to +5.5V) 


OUTPUT LEVELS 
Output High (Logic 1) Voltage (Ju. = —5mA ) 
Output Low (Logic 0) Voltage (Jiu. =4.2mA ) 


NOTES 
1. All voltages referenced to Vgo. 
2. [cc depends on output loading condition when the device is selected. Icc max. is specified at the output open condition. 


3. [Lo consists of leakage current only. 
4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


MAC ELECTRICAL CHARACTERISTICS 


Parameter typ maxX Notes 
Input Capacitance (Ao-A;, Din) ie ee ee 
Input Capacitance (RAS, CAS, WE ) a a ee ee ; 
Output Capacitance (Dout ) Sa ae 


NOTES 
1. Capacitance measured with Boonton Meter or effective Capacitance measuring method. 


2. CAS = Vin to disable DouT- 
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HM4864-2, HM4864-3, HM4864P- 2, HM4864P-3 


MIELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS ?:” 


Random Read or Write Cycle Time 
Read-Write Cycle Time 

Page Mode Cycle Time 

Access Time from RAS’ 

Access Time from CAS” 

Output Buffer Turn-off Delay 
Transition Time (Rise and Fall ) 

RAS Precharge Time 

RAS Pulse Width 

RAS Hold Time 

CAS Pulse Width 

CAS Hold Time 

RAS to CAS Delay Time 

CAS to RAS Precharge Time 

Row Address Set-up Time 

“Rew Address Hold Time 

Column Address Set-up Time 
2C slunin Address Hold Time 

“Column Address Hold Time referenced to RAS” 
Read Command Set-up Time 

Read Command Hold Time 

Write Command Hold Time 

Write Command Hold Time referenced to RAS’ 
“Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Set-up Time 

Data-in Hold Time 

Data-in Hold Time referenced to RAS 
CAS Precharge Time ‘for Page-mode Cycle Only ) 
Refresh Period 

Write Command Set-up Time 


(Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 


Parameter 


tec 


lrwc 


~ 
vc 
io) 


trac 
tcac 


torr 


~e 
4 


trp 

tras 
trsy 
tcas 


tosu 


Symbol 


treo 


~ 


~ 
> 
~ 


CRP 
tasr 
tRAH 
tasc 


tcan 


tres 
ERcu 
twou 
twer 
twp 

trwi 
towr 
tos 


lon 


tcp 


trer 


CAS to WE Delay 
RAS to WE Delay 


RAS Precharge to CAS Hold Time trpc 

NOTES 

1. AC measurements assume t7 = Sns. 

2. 8 cycles are required after power-on or prolonged 
periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles 
which perform refresh are adequate for this purpose. 

3. Vy, (min) and Vz; (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V7;, and V7, . 

4. Assumes that trop s trcp (max). If trop is greater 
than the maximum recommended value shown in this 
table trp 4c exceeds the value shown. 

5. Assumes that trcp 2trcp (max). 

6. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

7. torr (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
enced to output voltage levels. 

8. Operation with the trop (max) limit insures that 
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de 
OE 
Ss 
Ce a ee ee SOR 
ce Soro 
[00 [ss 
[so [= 0 fs 
[a fo | = | «| = | 8 
en 
an es Se ee ee 
ae ae ee ee ee 
feces eo oe ae 
=e a ee ae 
§ | = | 120 nee 
0 ns 
aes 
oe ee oles | 
9 | = | 120 lt ci cal 
ee = 
a re 7 
46 | =] 8 = fs 
eee Moe bee Mee Ge te | 
ee ae ee eee 
9 | 0 ay ee 
ae ae ee 
ae ee oe ee 
~20 ~ jf = | =] ss | 
ete Se OS oe ee 
110 eh oe 
0 = 0 = ns 
trac (max)can be met, trcp (max) is specified as a 
reference point only; if trcp is greater than the 
specified trep (max) limit, then access time is 
controlled exclusively be tc4c. ___ 

9. These parameters are reference to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. twcs, ‘cwp and trwp are not restrictive operating 


parameters. They are included in the data sheet as 
electrical characteristics only: if twcs 2twcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
the entire cycle; if tcwp 2 tcwp (min) and trwp2 
trwp (min),the cycle is a read/write and the data 
Output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 
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HM4864- 2, HM4864-3, HM4864P- 2, HM4864P-3 


MTIMING WAVEFORMS 
@READ CYCLE 


{RC 
lcs 
tRas 
—_— Vie 
RAS Vit ; 
CAS Vin == 
Vee CORP 
V tasr-——— ae 
Address "!¥ 
WE Vin 
Vit eer, {CAC {OFF 
Vy tk ac 
Vou 
@WRITE CYCLE 
tk 
tCSH 
_— Vem {RAS 
RAS 
Vit 
—_— Vw 
CAS {Cas 
Vin {CRP 
V tase serra 
i 
‘ OE 
1 
ie a ; | 
WE NES \ apie i 
OR “eel 
= eee: 
——! 
Vin cdi 
Din >. Valid Data > 
Vie 
L{DOHR 
ol 
@READ-WRITE/READ-MODIFY-WRITE CYCLE 
Pose ee 
tC oH 
Lk 49) ——_— 1 
RAS Vin tar 
Viz i 
ame OV 
et sc 
Vit task tone 
Vin 
Aaarets [ Row Address ] Address lumn peccttoes ——s 
it 
ar ai 
WE 
y torr 
PEST ar tc ac hie 
tkac 
Done 4 Valid Data 
Vou 
re tos he thn 


Vie 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P- 3 


@“RAS-ONLY” REFRESH CYCLE 


Address Row Address 


@PAGE MODE READ CYCLE 


pane Vig: 
Ras. Ye 
Vi 
CAS Vin 
Vir 
taSR 
Vin 
Address Vi 
—— Vix K / : 
W : 
e Vis ; 
{Cac 
teat’ toFF 
: CO ty 
Dout VoL 
@PAGE MODE WRITE CYCLE 
tRC 
tRAas 
taR 
RAS 
{RSH trp 
{Cas tcrP 
CAS : 
ise rr 
EK] 
Address | |Add sO 
{won 
twos 
tcwe 
- N y—_ 
twp. twr 
tRWL 
tba tbs (DH 
Vit 


(DHR 


@ HITACHI 203 


HM4864- 2, HM4864-3, HM4864P-2, HM4864P-3 


MTYPICAL CHARACTERISTICS 


ACCESS TIME 
vs. SUPPLY VOLTAGE 


204 


Access Time trac( Normalized) 


(mA} 


Supply Current Icc1 (Operation) 


Supply Current Icci(Operation) (mA) 


Supply Voltage Vcc (V) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Supply Voltage Vcc (V! 


SUPPLY CURRENT 
vs. CYCLE RATE 


Veco =5.5V 
Ta=20°C 
tre=100ns 


Cycle Rate(1/trc) (MHz) 
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Access Time trac( Normalized) 


Supply Current fcc, (Operation! (mA) 


Supply Current Icc2 (Stand By) (mA) 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Veo =5.5V 


—20 10 40 70 100 


Ambient Temperature Ta (‘C) 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


30) 


-20 10 40 7U 100 


Ambient Temperature Ta ‘°C) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Ta=20°C 


Supply Voltage Vcc (V) 


Supply Current Icc2 (Stand By) (mA) . 


(mA! 


Supply Current Icc3 (Refresh Cycle: 


omA 


“Page Mode Cycle 


Supply Current [cca 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


4 


Ambient Temperature Ta (°C) 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


—20 10 40 70 100 


Ambient Temperature Ta (‘Cj 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Supply Voltage Sec °V 


HM4864- 2, HM4864-3, HM4864P-2, HM4864P-3 


Supply Voltage Icc3 (Refresh Cycle) (mA) Supply Current Icc3 (Refresh Cycle) (mA) 


Supply Current Icc4 (Page Mode Cycle) (mA) 
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SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


as 
ae 1,000 
aa 


4.0 4.5 5.0 5.5 6.0 


50 


40 


36 


20 


Supply Voltage Vcc (V) 


SUPPLY CURRENT 
vs. CYCLE RATE 


Cycle Rate (1/trc)( MHz) 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


—?0 la 40 70 ag 


HM4864- 2, HM4864-3, HM4864P-2, HM4864P-3 


SUPPLY CURRENT INPUT LEVEL 
vs. CYCLE RATE vs. SUPPLY VOLTAGE 
nal Woo =5.5V 
= Ta =20'C 
ot top = BON» 
§ - 
3 Z 
é P 
z : 
& 
Cycle Rate (1/tpc) (MHz) Supply Voltage Vcc (V 
INPUT LEVEL CLOCK INPUT LEVEL 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 
Veo s50y 
0 mu 
= S 
FI 1.5 2 1.4 
a é 
= S 
La 1.0 
(15 a5 
—?0 10 40) a ben 4.) 4.5 5.0 5.5 6.0) 
Ambient Temperature Ta (‘C) Supply Voltage Vcc (V) 
CLOCK INPUT LEVEL 
vs. AMBIENT TEMPERATURE 
= 
4 
5S 


~20 10 40 70 100 


Ambient Temperature Ta (‘C) 
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HM4864- 2, HM4864-3, HM4864P-2, HM4864P-3 


RAS/CAS Cycle Long RAS:CAS Cycle RAS Only Cycle Page Mode Cycle 


RAS 


CAS 


Tec imA) 


Note > Veo =5.0V, Ta =20°C 


Beh seein 


ME APPLICATION INFORMATION 

@POWER ON 

An initial pause of 500 us is required after power-up and a 
minimum of eight (8) initialization cycle, (any combination of 
cycles containing a RAS clock such as RAS-only refresh) must 
follow an initial pause. 

The Vee current (/¢c¢) requirement of the HM4864 during 
power on is, however, dependent upon the input levels (RAS, 
CAS) and the rise time of Vcc, as shown in Fig. 1. 


@READ CYCLE 
A read cycle begins with addresses stable and a negative going 


transition of RAS. The time delay between the stable address 
and the start of RAS-on is controlled by parameter tasp . 
Following the time when RAS reaches its low level, the row 
address must be held stable long enough to be captured. This 
controlling parameter is taay. Following this interval, the 
address can be changed from row address to column address. 
When the column address is stable, CAS can be turned on. The 
leading edge of CAS is controlled by parameter tacp. The 
basic limit on the CAS leading edge is that CAS can not start 
until the column address is stable, and this is controlled by 
parameter tasc. The column address must be held stable long 
enough to be captured. The controlling parameter is tcoqy. 
Note that teacp (max) is not an operating limit of the 
HM4864 though its specification is listed on the data sheets. If 
CAS becomes on later than tacp (max), the access time from 
RAS will be increased by the time which tacp exceeds tacp 
(max). 


Following the time when CAS reaches its low level, the 
data-out pin remains in a high impedance state until a valid 
data appears. This parameter is tcac -access time from CAS. 
The access time from RAS—trac—is the, time from RAS-on 
to valid Dout. 

The minimum value of tgac is derived as the sum of tacp 
(max) and tcac. 

The selected output data is held valid internally until CAS 
becomes high, and then Dout pin becomes high impedance. 
This parameter is torF . 
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Time (ys! 


tel Vee rise time = 10ys 


Veco (Vi 
> wn 


Icc (mA) 


Time (us) 


t-(Vec rise time) =!00us 


Fig.1 Icc vS. Vcc during power up. 
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@ WRITE CYCLE 

A write cycle is performed by bringing WE low 
before or during CAS-on. 

Two different write cycles can be defined as; 

Write cycle—Write data are available at the beginning 
of the CAS-on so that the write operation starts at 
the beginning. In this mode, Dout and WE signal 
times are not in any critical path for determining 
cycle time. 

Following the time when WE reaches its low level, 
WE must be held stable long enough to be captured. 
This WE-on pulse deration is called typ. The time 
required to capture write data in a latch is called 
toy. This cycle is called an ‘early write”. 


Read Write cycle—This cycle starts as a read cycle, 
but as soon as the device specification is met, a 
write cycle is initiated. 

WE and Din are delayed until after Dout. This cycle 
is called a ‘‘delayed write’. A ‘‘Read-modify-write”’ 
cycle is a variation of this operation. In this mode, 
Din and WE become critical path signals for 
determining cycle time. 


@ CLOCK-OFF TIMING 

RAS and CAS must stay on for Dout stabilized to 
valid data. In the case of CAS, this is controlled by 
parameter tcas (min). 

In the case of RAS, this is controlled by parameter 
tcas (min). Following the end of RAS, CAS must 
stay off long enough to precharge internal circuits. 
The only parameter of concern is tgp. Normally 
CAS is not required to be off for minimum time of 
tcrp. However, in a page mode memory operation, 


there is a tcp (min) specification to control the 
CAS-off time. 


@ DATA OUTPUT 

Dout is three-state TTL compatible with a fan-out 
of two standard TTL loads. 

When CAS is high, Dout is in a high impedance 
state. When CAS is low, valid data appears after 


tcac. at a read cycle, and Dout is not valid as an 
early-write cycle. 
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@ REFRESH 

Refresh of the HM4864 is accomplished by per- 
forming a memory cycle at each of the 128 row 
addresses within each two millisecond time interval. 
AO to A6 are refresh address pin compatible with 
standard 16K RAM (HM4716A, HM4816A). During 
refresh, either V); or Vijy is permitted for A7. Any 
cycle in which RAS signal occurs refreshes the 
entire selected row. RAS-only refresh results in 
substantial reduction in operating power. This re- 
duction in power is reflected in the /cc3 specifica- 
tion. 


@e PAGE MODE 

Page mode operation allows faster successive memo- 
ry operations at multiple column locations of the 
same row address with increased speed. 

This is done by strobing the row address into the 
chip and maintaining RAS at a logic low throughout 
all successive CAS memory cycles in which the row 
address is latched. As the time normally required for 
strobing a new row address is eliminated, access and 
cycle times can be descreaded and the operating 
power is reduced. These are specifications. 
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HM4864A-12, HM4864A-15; 
HM4864A-20, HM4864AP-12, 
HM4864AP-15, HM4864AP-20 


65536-word <x 1-bit Dynamic Random Access Memory 


Mi FEATURES . . HM 4864A-12, HM 4864A-15, 
@ Industry standard 16- Pin DIP (plastic, Cerdip) HM 4864A -20 

@ Single 5V (+10%) 

@ On chip substrate bias generator 
@ Low Power: 250mW active, 18mW standby 
@ High speed: Access Time 120ns / 150ns / 200ns 
@ Common I/O capability using early write operation 
@ Page mode capability 

@ Output data controlled by CAS 
@ TTL compatible 

@ 128 refresh cycles — (2ms) 

@ Hidden refresh capability 

a 


BLOCK DIAGRAM HM 4864AP-12, HM4864AP-15, 
HM 4864AP-20 


WE 
oTe of RAS Clock Data out 
RAS Generator © Din 
cas o-4 CAS Clock Usis An: bog 
CAS Generator i Dout 
—O Vec 
Ar © —~—O Vs5 


Vag Generator 


Address Buffers 


MPIN ARRANGEMENT 


Refresh Addresses 


e 


M ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vgg +--+ +--+ eee —1Vto7V 

Operating temperature, Ta (Ambient) --------:> 0°C to 70°C 

Storage temperature (Cerdip) --- +s: +++ +ee rere —65°C to 150°C 

Storage temperature (Plastic) ----------+++eee- —55°C to 125°C 

Power dissipation «+--+. sees tee eee eee eee 1W 

Short circuit output current «+--+ eee eee eee eee 50 mA 

MM RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C) (Top View) 


Parameter 


Supply Voltage AO—A7 : Address Inputs 
CAS : Column Address Strobe 
Input High Voltage Din : Datain 
tnpul Liew Veleags Dout : Data Output 
RAS : Row Address Strobe 
Notes: 1. All voltages referenced to Vs, WE : Read/Write Input 
Vec : Power (+5V) 
Vss : Ground 
AO—A6 : Refresh Address Inputs 


@ HITACHI 209 


HM4864A-12, HM4864A-15, HM4864A- 20, 
HM4864AP-12, HM4864AP-15, HM4864AP-20 


MOC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V+10%, Vss=0V) 


Operating Current(RAS,CAS Cycling:trc=min) | Iccr | — [{ 55 | — | 50 | — | 44 | mA | 1,2 
Standby Cnrrent(RAS = V;4,Dout=High Impedance) | Icce | — | 3.5 | — | 3.5 | — | 3.5 | mA | 
Refresh Current(RAS Cycling, CAS = Viu,trc=min) | Iccs | — | 42 | — | 38 | | 33 | mA | 2 
Standby Current(RAS = V,y,Dout Enable) Ices | — | 5.5 | — | 5.5 | — | 5.5 | mA | 1 
Page Mode Current(RAS = V;.,CAS Cycling;tpc= min) | Icce | — | 38 | — [| 35 | — | 31 | mA 1,2 


Input Leakage(0< V.,.,<6.5V) 
Output Leakage(Dout is disabled,0<V...<5.5V) 


Output Levels High(I.u——5mA) Vou | 2.4 | Voc | 2.4 | Vec | 2.4 | Veo | V | 
Output Levels Low(I.u.=4.2mA) Vo. | 0 | 0.4 | | 0.4 | Vi] 


Notes) 1. /cc depends on output loading condition when the device is selected, Jaq: max. is specified at the output open condition. 
2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


MB CAPACITANCE (Vcc =5V+10%, Ta= 25°C ) 
Ao ~A7?, Din inl ] 


7 
1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS =Vin to disable Dout. 


HM ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to 70°C, Vec=5V+10%, Vss=0V) 


Parameter 


Input Capacitance 


Output Capacitance 


Notes ) 


Parameter Symbol IABSAACL? | UMABEA IS. __EMASIA 2 Notes 
|_min | max_| 
Access Time From RAS. Ae ee a 2,3 
Access Time From CAS. | tac [| -~ | eof ~ | 2] — | 100] ns | 3,4 
Output Buffer Turn-off Delay | torr | — | 35] — | 40; — [| so} ns | 5 
Transition Time (Rise and’ Fall) tr | 63 | 35 | 8 | 35 | 63 dT) 50 | ons | 6 
Random Read or Write Cycle Time trc a 330 ie ee Otis = i 
RAS Precharge Time | tee | 90 | 2 ae ee a 
RAS Pulse Width |_tms | 120 | 10000 | 150 | 10000 | 200 | 10000 | ns __ 


CAS Pulse Width 


“tess [60 | 10000-| 75 | 10000 | 100” | 10000" ns 
2s [60 | 


RAS to CAS Delay Time taco | 25 | 75 | 30 | 00 | ons | 7 
RAS Hold Time ten | 60 [| — | 75 | = | oo | =| ons 
CAS Hold Time tesw | 120 | = [| 150) | | ns 


CAS to RAS Precharge Time 


Row Address Set-up Time tasr ae ON ee One| 

Row Address Hold Time | ten | oe ee ae ee 
Column Address Set-up Time ae ee ee ee | ons | 
Column Address Hold Time re a ae a ee ae ee 
Column Address Hold Time Referenced to RAS” tae 80 | ee | TOO ee E80 ee ngs 

WE Command Set-up Time | twes | 0 a (aces ee ee: 
Write Command Hold Time i eal ee co ee 8 ee ee oe 
Write Command Hold Time Referenced to RAS” | twee | 100 | — | 120 [| — | 155 | — | os | 
Write Command Pulse Width Sa es ae ee ee ee ee ee 
Write Command to RAS Lead Time | tw. | 40 | — | 45 | —[ 55 | — | ns | 
Write Command to CAS Lead Time | tw. | 40 |  — | | ons | 
Data-in Set-up Time poe ie eS = 9 
Data-in Hold Time ae eae ee ae ee: 
Data-in Hold Time Referenced to RAS | tor | 100 | — | 120 | — | 155 | == | ons | 
Read Command Set-up Time oe eee ees ee Se ee ee 
Read Command Hold Time Referenced to CAS” eB 
Read Command Hold Time Referenced to RAS” | teen | py 
Refresh Period tee |S aed ee 2 ee ee ee 
Read-Write Cycle Time re ee | 200 | — | 34 | —| ns | 
CAS to WE Delay ee ea ee ere 8 
RAS to WE Delay Bre ee ee ee ee ee ee 
Page Mode Cycle Time tee 920 a) 90 on | 
CAS Precharge Time (for Page-mode Cycle Only) tcp | 50 | — | 6 | —| | =— |] ns | 
CAS Precharge Time Pe eee ee ee ee 


RAS Precharge to CAS Hold Time 
210 


| 45 | | os 
eet re eee ee eee 
@ HITACHI 


Notes 

1. AC measurements assume [7 = Sns. 

2. Assumes that (rcp <trcp (max). If trcp is greater 
than the maximum recommended value shown in this 
table, tr 4c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 

4. Assumes that trop 2 trop (max). 

5. torr (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

6. Vy (min) and V;zz (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V7; and V7, . 

7. Operation with the trcp (max) limit insures that 


trac (max) can be met, trop (max) is specified as a 
reference point only, if trop is greater than the 
specified trop (max) limit, then access time is 
controlled exclusively by tcc. 


@ TIMING WAVEFORMS 
@READ CYCLE 


10. 


HM4864A-12, HM4864A-15, HM4864A- 20, 
HM4864AP-12, HM4864AP-15, HM4864AP- 20 


twos, tcwp and tryp are not restrictive operating 
parameters. 

They are included in the data sheet is electrical 
characteristics only; if twos 2 twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if towp 2 tcwp (min) and trwp = 
trwp (min) the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

There parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

An initial pause of 100us is required after power-up 
followed by a minimum of 8 initialization cycles. 


Addresses 


4 Valid 


CJ Don't Care 


RAS LAR 


Vii 
— Vow 


TRAS 


CAS 4 \ AF 
Vie , 
LEERY fel ; 
Vin aes 


Addresses 


Dout 
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) Row Address K x Column Address 
Viz 


. ee camera eae? 
Vie x fi 


jot ps oe 


a. Valid Data 


Open 


C) Don't Care 
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HM4864A-12, HM4864A-15, HM4864A- 20, 
HM4864AP-1 2, HM4864AP-15, HM4864AP- 20 


@ READ- WRITE/READ-MODIFY-WRITE CYCLE 


Vin 
RAS eS ee 
Vin trsi 
tcas 
Vin 
m7 mamae 
Vin 
= 
Vin 
Addresses 
Vit 
Vin 
WE 
Vin 
Vou 
Dout 
ee Vou 


Din { Valid Data J 
Vie 


Don’t Care 


@‘“RAS-ONLY” REFRESH CYCLE 


Vee. trp 
trec 


RAW 


LASR 


Addresses 4 Row Address » 


Von Open 


Cc) Don't Care 


LRAS 
Vin 
j (Pc 
{acd ies = 
CAS Vin IN! 
| 
taser 
Vin ‘ Col 
Addresses C26. 675 Ga G8 Glas 
vo | open 
Dout Vor 


: d 
tRRH 
, tacs > tren 
Vin 
WE ' 
Vie 


CC} Don't Care 
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@PAGE MODE WRITE CYCLE 


— Vin 
RAS Vit 
Vin 

CAS Vit 

taSR 

Addresses Vin 
Vit 

— Vin 
WE Vin 


R re | 1 , 
ton fe tp 
a: Valid Data J ( Valid Data BD 


Valid Data J 


@HIDDEN REFRESH CYCLE 


Vin 
RAS 

Vin 

Vin 
CAS 

Vin 

Vin 

Addresses 

Vin 

Vin 
WE 

Vin 

Vou 

Dout 
Vor 


HM4864A- 12, HM4864A-15, HM4864A- 20, 
HM4864AP-12, HM4864AP-15, HM4864AP-20 


tras 


CJ Don’t Care 


Row Column ) (| Row \ 
Address ( Address Address 


oe torr 


tcac 


a 
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HM4864ACG- 12, HM4864ACG-15, 
HM4864ACG-20 


65536-word x 1-bit Dynamic Random Access Memory 
FEATURES 

@ 18-pin Leadless Chip Carrier 

Single 5V (+10%) 

On chip substrate bias generator 

Low Power: 250mW active, 18mW standby 

High speed: Access Time 120/150/200ns (max) 
Common I/O capability using early write operation 
Page mode capability 

Output data controlled by CAS 

TTL compatible 

128 refresh cycles/2ms 

Hidden refresh capability 


PIN ARRANGEMENT 
MBLOCK DIAGRAM 


a 6 BR/W Clock 
Generator 


Dace RAS Clock Data out 
CAS 5] CAS Clock Memory Memory Data in bac 
Generator Array Array Buffer 
—m Oo Vcc 


As © 


Vee Generator 


(Bottom View) 


Address Buffers 


FR Basses 


Refresh Addresses 


Ao @ AO—A7 : Address Inputs 
CAS : Column Address Strobe 

m ABSOLUTE MAXIMUM RATINGS ag = eee 
Wee ety eae -1V to +7V ‘Dout : Data Output 

O age on any pin relat Ss ee 6 © © © we ew ew we ell - O - RAS : Row Address Strobe 
Operating temperature, Ta (Ambient)............. 0 Cto+70 C WE : Read/Write Input 
Storage temperature ........-.-.020 00 eee -65°C to +150°C Vcc ps FOWEEATON 
a ane 1W Vss : Ground 

ower Vissipation . 1 1. 6 ew ee et ee ee tee AO—A6 : Refresh Address Inputs 


Short circuit output current ....... 0... 0. ee ee ee ee ees 50mA 


M™ RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C) 


Parameter 


Supply Voltage 


Input High Voltage 


Input Low Voltage 


Notes: 1. All voltages referenced to Vs» 
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MDC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V+10%, Vss=0V 


Parameter 


Operating Current(RAS,CAS Cycling:trc=min) 
Standby Cnrrent(RAS = Vix, Dout=High Impedance) 
Refresh Current(RAS Cycling, CAS = Vix,trc=min) 
Standby Current(RAS= Vi#,Dout Enable) 


Page Mode Current(RAS=Vi.,CAS Cycling;tec=min) 


Input Leakage(0< V..,<6.5V) 

Output Leakage(Dout is disabled,0 <Viu.<5.5V) 
Output Levels High(/.4.=—5mA) 

Output Levels Low(J.u:=4.2mA) 


wee 


HM4864ACG-12, HM4864ACG-15, HM4864ACG- 20 


HM4864ACG-15 | HM4864ACG-20 | 1) | 
[min | max | min | max | min | ma x 

| ter | = | 58 | = [ 50 [ — | 44 | mA | 1,2 

| eco | = | 3.5 | = [3.5 | — [3.5 | mA | 

Ptecs [| — | 42 [| = | 38 | = | 33 | mA | 2 

| tees [| — [5.5] = [5.5 | — | 5.5 [| ma | 1 

| tece [| — | 38 | = [ 35 | — | 31 | mA | 1,2 

Pir [| =-10 | 10 [10 | 10 [10] 10 | #A | 

fs Peo 10, [10 10) 10 10 10) eA | 

| Vow | 2.4 [| Veco | 2.4 | Veco | 2.4 | Vee 
Vo [| o [ost o [ot | o fos] Vv 


Notes) 1. Icc depends on output loading condition when the device is selected, J, max. is specified at the output open condition. 
2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


ME CAPACITANCE (Vcc =5V+10%, Ta=25°C ) 


Item 


Symbol 


Input Capacitance 
RAS, CAS, WE 


Dout 


Output Capacitance 


Notes! 1, Capacitance measured with Boonton Meter or effective 


2. CAS =Vin to disable Dout. 


Cis 


capacitance measuring method. 


M ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Ta=0 to 70°C, Vec=5V+10%, Vss=0V) 


Parameter 


Access Time From RAS” 

Access Time From CAS_ 

Output Buffer Turn-off Delay 

Transition Time (Rise and Fall) 
_Random Read or Write Cycle Time 

RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

RAS to CAS Delay Time 

RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 

Row Address Set-up Time 

Row Address Hold Time 

Column Address Set-up Time 

Column Address Hold Time 

Column Address Hold Time Referenced to RAS” 
WE Command Set-up Time 

Write Command Hold Time 

Write Command Hold Time Referenced to RAS” 
Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Set-up Time 

Data-in Hold Time 

Data-in Hold Time Referenced to RAS” 

Read Command Set-up Time 

Read Command Hold Time Referenced to CAS 
Read Command Hold Time Referenced to RAS” 
Refresh Period 

Read-Write Cycle Time 

CAS to WE Delay 

RAS to WE Delay 

Page Mode Cycle Time 

CAS Precharge Time (for Page-mode Cycle Only) 
CAS Precharge Time 

RAS Precharge to CAS Hold Time 


sabe HNMBEAACE-12 
Ptmc | — | wo] — | iso] — | 200] ns | 
[tee [| — | oof —j{ wm] — | 100] ns | 
be ag | te 
re ee ee ee ee | ns 
0; | 260 | — | a0 | | ns | 
te | 90 | —J[ 100 | -| 10 | ~J] ns _ | 
120 | 10000 10000 10000 | ns | 
| tess | 60 | 10000 | 75 | 10000 | 100 | 10000 | ns __ 
lve | _60 | ts 550 0 
tan | 60 | -—| 7%; — | 100 | — | 
i a a ee 
ae =n | oe, ae 
oe a Se ee a ee ee ee ee 
cs OE Cae ea ee ee er ee 
7s ee a ee 
eee ae ae a ee ee 
| te | 80 | —~| 100 cone RS een ee 
cee ee ee ee ee eee 
| twow | 40 | — | 45 ee ie eee 
| twee | 100 | — {| 120 | - 1 155 | —| os | 
———————————— 
| tw. | 40 | -— | 4 | 7) i ce 
| town | CWL ef 
oa a aS ee tae eee ee 
tow | 40 | —| 45 | ~—| 55 | —| ns | 
aera a a ee 
a ee ee ee ee ae ee 
Paces a OC ee Oo ee 0 ek 
Se ee ee ee ee ee ee 
ee a ee ee ee 
two | 205 | — | 280 | -— | 3 |) — | ns | 
(er ae ee ee ee ee ee 
[two | too | —| 120 | — | 155 | —| ns | 
Stee [120 a 190 |e | 
tcp po f =f so ff ao fae 
Peter dog MO, Soe OS, ye sree eae one 
Se ee 0 ec ee 
€ HITACHI 
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HM4864ACG-12, HM4864ACG-15, HM4864ACG- 20 


Notes 

1. AC measurements assume t7 = S5ns. 

2. Assumes that trcp <trcp (max). If trcp is greater 
than the maximum recommended value shown in this 
table, tr 4c exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 

Assumes that trcp 2tRcp (max). 

torr (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

Vin (min) and Vjzz (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V7;7 and V7,. 

Operation with the tecp (max) limit insures that 
trac (max) can be met, tpcp (max) is specified as a 
reference point only, if trecp is greater than the 
specified trop (max) limit, then access time is 
controlled exclusively by tc4c. 


ae 


MTIMING WAVEFORMS 
@READ CYCLE 


8. 


10. 


{RAs 


twos, ‘Cwp and tryp are not restrictive operating 
parameters. 

They are included in the data sheet is electrical 
characteristics only; if twos 2twceg (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwp 2 tcwp (min) and tryp 2 
‘Rwp (min) the cycle is a read-write and: the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

There parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

An initial pause of 100us is required after power-up 
followed by a minimum of 8 initialization cycles. 


Creu 


than | 


tas 
: tase ~ 


R 


Addresses 


URES 


CCAH 


(Row Address x ®& Column Address 


LCAC 


Dout 


Valid Data 


| Don't Care 


LAR 


a 
n 


tRAS 


trp 


—, Vin 
CAS 0 
Vie 
Laser {CAH 
Vin aa ee 
Addresses (@ Row Address K Column Address 1} 
Viz 
_ Vin 
WE 
Vit 
1 
twcr ' | 
feo tos non 
Vin 
Din 


Dout 
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aa, Valid Data > 


Open 


Cc) Don't Care 
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HM4864ACG- 12, HM4864ACG-15, HM4864ACG- 20 


@® READ-WRITE/READ-MODIFY-WRITE CYCLE 


Addresses 


Dout 


Cc) Don’t Care 


@“RAS-ONLY” REFRESH CYCLE 


== Vin 
RAS 

Vin 
= Vin 
CAS 

Vie 


Addresses 


‘ Kow Address 


Von Open 
Dout 


C) Won't Care 


Addresses 


Dout 


CJ Don’t Care 
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HM4864ACG-12, HM4864ACG-15, HM4864ACG- 20 


@PAGE MODE WRITE CYCLE 


tRAS 


Q 
22) 


Addresses : 


ne een ee 
| twea| Pte <n a ew, | 
twer| [oo = 
Be pals ee {DH 
V, 
Din i fs) Valid Data x Valid Data J} # Valid Data § 


CJ Don't Care 


@HIDDEN REFRESH CYCLE 


Q 
> 
mn 


" in \ ee 
Vin 
LASR 
; Pi ey 
Row Column Row N 
Address Address 


) 


( Address ( = 
" rh 
 __ Er sive 
n 
i = ( Valid Data ) 
Vor 


Addresses 
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HM50256-12,HM50256-15, 7 
HM50256-20,HM50256P-12, 
HM50256P-15,HMS0256P-20 


262144-word X 1-bit Dynamic Random Access Memory HM50256 Series 
Mi FEATURES 


@ Industry Standard 16-Pin DIP 

Single 5V (+10%) 

On chip substrate bias generator 

Low Power: 350mW active, 20mW standby 

High speed: Access Time 120ns/150ns/200ns(max.) 
Common I/O capability using early write operation 
Page mode capability 

TTL compatible HM50256P Series 


256 refresh cycles - - - (4ms) 
| | | 


3 variations of refresh - - - RAS only refresh, CAS before RAS 
(DP-16A) 


(DG-16B) 


refresh, Hidden refresh 


Mi BLOCK DIAGRAM 


ar&ack& 


mps 


; Data-In Main 
Buffer 


MPIN ARRANGEMENT 


A Lr 
> = 
~| jn 
ie des 
— | Ol 
Memory 3314 12 Memory 
z| ele Array 
cEIlLElE 
=| Ble 
—— ou bd Lv 
RAS Al ie We 
Row i Row 
Decoder io Decoder 
Ax 0 . 
tL ww 
= 2 
fs] ss] 
Are SI} e}P 
SSS 
ae ip ae 
Memory 8 |} 62 Memory 
Buffers Array al Slaw Array 
: ale] a 
E}sy,c& 
Avo a oan (T. Vi ) 
5 s op View 


[ 
Zz) 

cg 

! 

= 


Address Inputs 


arQ-ar7,acQ)-acy 


CAS Column Address Strobe 
M@ ABSOLUTE MAXIMUM RATINGS Gre : Din Data In 
Voltage on any pin relative to Vgg ....---.---.- -1V to +7V Dout Data Out 
Operating temperature, Ta (Ambient)......... 0°C to +70°C RAS _ Row Address Strobe 
Storage temperature ............ (Cerdip) -~65°C to +150°C WE Read/Write Input 

(Plastic DIP) -55°C to +125°C Vee Power (+5V) 

POWEr’ GISSIDGTION. < & ce sc tweets he 2S ee ae Gore Ss 1W Vss Ground 
Short circuit output current ........... 2002 ee eee 50mA Ao~Ar Refresh Address Inputs 


ME RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C ) 


Supply Voltage ce ee 
Input High Voltage Vin Le eee | 


Input Low Voltage Vin | 1.0 | 


Note) 1. All voltages referenced to Vss 
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HM50256-12, HM50256-15, HM50256-20 
HM50256P-12, HM50256P-15, HM50256P-20 


MDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 


| min | max | min | max | | min | max | 

Operating Current(RAS, CAS Cycling : trc=min) | cr | — | 883 | — | 70 | — |] 55 | ma | 1 
Standby Current(RAS = Vx, Dout =High Impedance) | tee | —{ a5 | —/] 45 1 —] 45 | ma, 
Refresh Current(RAS only Refresh, trc=min) | Ics | — | 62 | — | 53 | — | 42 | mA | 
Standby Current(RAS = Viy, Dout Enable) | Ics | — | 10 | — | 10 | — | 10 | ma | 1 
Refresh Current(CAS before RAS Refresh, trc=min) | Icce | —~ | 69 | | 58 | — | 45 | mA | 
apt lekage(0< Ver TV 
Output levels High(J.4.= —5mA) Vou 2.4 V 


Notes) 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition. 


MECAPACITANCE (Vc=5V+10%, Ta=25°C) 


Parameter 


Address, Data-in 


Clocks, Data-out 


Input Capacitance 


Cn 
Cr 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2. CAS= Vix to disable Dout. 


MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to +70°C, Vec=5V+10%, Vss=OV) 1 1 1P 


FNVOSSTPOO] 

Parameter ae ae can iy ey une Notes 
Access Time from RAS t rac | 120 a 150 | = | 200 | ns 2,3 
Output Buffer Turn-off Delay | torr | — | 30] — | 40/ — | 50] ns 5 
Transition Time(Rise and Fall) 3 50 ns 6 
Random Read or Write Cycle Time trc 220 | | 260 = 330 =| ns 
CAS Pulse Width 60 | 10000 10000} 100 | 10000) ns | 
RAS to CAS Delay Time 75 100 ns 7 
RAS Hold Time | tem | 60 | —| 75 — | 100 — | ns 
CAS Hold Time 120 — | 150 — | 200 —| ns 
CAS to RAS Precharge Time | tcee | 10 | —| 10 = 10 ont ns 
Row Address Set-up Time eae Oe ed es 
Row Address Hold Time 15 — —| 20 ns 
Column Address Set-up Time | tac | 0 | —| of —| 
Column Address Hold Time 20 —| 2 | —{| 30 —|] ns 
Column Address Hold Time referenced to RAS | tae =| 80 | | 100 = 130 = ns 
WE Command Set-up Time twes — 0] -| of —]| 0] = ns 8 
Write Command Hold Time 45 ae 55 


: s 
Oo 
i) 
ry 
iy) 
lam) 
— 
on 
on 


Write Command Hold Time referenced to RAS 
Write Command Pulse Width 

Write Command to RAS Lead Time t wi 
Write Command to CAS Lead Time t cw 
Data-in Set-up Time 


~ ow few | ew 
& 314 /4 
~ x 


| 
on 
on 


ee | he 
ov; o 


S 


a 3 
nN) oi] 
Hid 
i] 
nN 


Data-in Hold Time t oH | | 48 | ns 8, 9 
Data-in Hold Time referenced to KAS 100 = 120 155 ns 

Read Command Hold Time referenced to CAS | tev | o | -—[ of —[ of —| ns 

Read Command Hold Time referenced to RAS | te | 10 | —j| 10] —| 10 [ —/| os | 


(to be continued) 
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Parameter 


Read-Write Cycle Time 

CAS to WE Delay 

RAS to WE Delay 

CAS Precharge Time 

CAS Setup Time 

CAS Hold Time (CAS before RAS Refresh) 
RAS Precharge to CAS Hold Time 


Notes 

1. AC measurements assume t7 = Sns. 

2. Assumes that trcp <trcp (max). If trop is greater 
than the maximum recommended value shown in this 
table, tr 4c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 

4. Assumes that trcp2trcp (max). 

5. toppr (max) defines the time at which the output 
achieves the open circuit condition and output voltage 
levels are not referred. 

6. Vy yz; (min) and V7; (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V7;; and V7;. 

7. Operation with the tecp (max) limit insures that 


trac (max) can be met, trop (max) is specified as a 
reference point only; if trop is greater than the 
specified tpgp (max) limit, access time is controlled 
exclusively by tcoac. 


MTIMING WAVEFORMS 
@READ CYCLE 


HM50256-12, HM50256-15, HM50256-20 
HM50256P- 12, HM50256P-15, HM50256P-20 


Tin [max | min [mex | min 
= 
Eee 


Unit | Notes 


rao | — | 300 | 


8. twos, tcwp and trwyp are not restrictive operating 
parameters. 

They are included in the data sheet as electrical 
characteristics only; if twos 2 twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwp 2 tcwp (min) and trwp 2 
'Rwp (min), the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

An initial pause of 10Qus is required after power-up 
then execute at least 8 initialization cycles. 

At least, 8 CAS before RAS refesh cycle are required 
before using internal refresh counter. 


trc 


LRAS 


RAS 
trcp 
CAS. 
tase LRAH tasc 
a a Rees aa 
ww MEK XL 
Ls x\ LS 
Ste 
trac 
Dout 
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tRSH ; 
CRP 


WN 
KK 
a; 


tcac 
toFF 
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HM50256-12, HM50256-15, HM50256-20 
HMS50256P-12, HM50256P-15, HM50256P-20 


@WRITE CYCLE 


tRc 


_—— tRAs 


ee) 
> 
(ep) 


tRCD 


tRWL 


tras 
CAS 
: tase tcan 
tcwr 


in ——. 


Dout 


@ READ MODIFY WRITE CYCLE 


trwce 


tRwe 


CAS 
tCWwL 
tase tRaH tasc 


“ a nae 


“| TK 


tRAC 


Dout 
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HM50256-12, HM50256-15, HM50256-20 
HM50256P-12, HM50256P-15, HM50256P-20 


@RAS ONLY REFRESH CYCLE 


* REFRESH ADDRESS Ao~ A7r( AXo-AX7) 


@ HIDDEN REFRESH CYCLE 


RAS RED tras REE RESH 


WRITE ‘ 


ropep 


@CAS BEFORE RAS REFRESH CYCLE 
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HM50256-12, HM50256-15, HM50256-20 
HM50256P-12, HM50256P-15, HM50256P-20 


@ COUNTER TEST 


———— 


RAS (REFRESH) (READ/WRITE) 


tCHR tCas 
tcp 


Address 


WRITE 


Parameter 


[min Tmax [min [max [min | max | 
Page Mode Read Modify Write Cycle 165 Fo | | — | 20 | — | ns 


@PAGE MODE READ CYCLE 


RAS 
(RAs 
tec 
CAS” 
tcas tcp tcas 
Case i tasc 
eee ll sie ams 
x hi K | XK 
/ ast \ / "Bx 
eat pe TT 
tres ae RCH 
WRITE é KA y 
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$$$ §$< BIG O256-12, HM50256-15, HM50256-20 
HM50256P-12, HM50256P-15, HM50256P-20 


@PAGE MODE WRITE CYCLE 


CAS tc ae {CAs 
: tai tR4AH a 
i eae tC AH 


twos 


_ ie 7 


x kK 


Dout 
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HM50257-12,HM50257-15,———— 
HM50257-20,HM50257P-12, 
HM50257P-15,HM50257P-20 


262144-word x 1-bit Dynamic Random Access Memory 


FEATURES 

® Industry standard 16-pin DIP 

Single 5V (+10%) 

On chip substrate bias generator 

Low Power: 350mW active, 2OmW standby 

High speed: Access Time 120ns/150ns/200ns (max.) 

Common I/O capability using early write operation 

Nibble mode capability 

TTL compatible 

256 refresh cycles ..... (4ms) 

3 Variations of refresh; RAS only refresh, CAS before RAS 
refresh, Hidden refresh 


HM50257 Series 


(DG-16B) 


HM50257P Series 


M@ BLOCK DIAGRAM 


f Bavacin a Shift reg & Switches free 
Buffer Buffer 


WE 
We of Clock 
Generator 


(DP-16A) 


d 
Dout 


m@ PIN ARRANGEMENT 


Ss 


wi 


Memory 
Array 


Sense Amps & 1-0 Gate 


Row 
Decoder 


Ago 


A70 


Address 
Buffers 


Memory 
Array 


Memory 
Array 


Aoo 


Sense Amps & 1 0 Gates 


(Top View) 
arQ-ar/, acU-ac7 
Ao~As_ | Address Inputs 
M@ ABSOLUTE MAXIMUM RATINGS a a 
- F in ata In 
Voltage on any pin relative to Vss eee ee eg ee oe to hs Data Out 
Operating temperature, Ta (Ambient).......... 0 C to F100 Raw Addsase: Sivobe 
Storage temperature ............. (Cerdip) “65 C to +1 90 °C Read/Write Input 
(Plastic DIP) -55 Cto +125 C Power (+5V) 
Power dissipation... 24 s84443Si@ate era dt ae ehee eens 1W Gteund 
Short circuit output current .. 0.2... 20.0.0. 02 ee eee 50mA Refresh Address Inputs 


mi RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Parameter Symbol min typ max Unit Note 


Supply Voltage Vcc 
Input High Voltage - Vin 
Input Low Voltage Vin 


Note 1) All voltages referenced to Vss. 
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HM50257-12, HM50257-15, HM50257-20 
HM50257P-12, HM50257P-15, HMS50257P-20 


MDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 


Baa HM50257-12 HM50257-15 HM50257-20 Unit Not 
moo 


Parameter 


Operating Current (RAS, CAS Cycling: trc=min) Tec 1 


E 
on 
3 
> 


Stand by Current (RAS = Vin, Dout =High Impedance) Tec 


|min | max | min | max | min 
Paes ea eek 
(RA ts ee eT eres ee ees 
Refresh Current (RAS only Refresh, trc=min) Toca | — |] 6 | —| 53 | — | 42 | 
ae a 
ake i ee 
j=10 | 10 | 10 | 10 | —10 | 


7 
on 
3 

> 


fe 

on 
ees 

Soi BO od > 


m 
Standby Current (RAS=Vin, Dout Enable) Tees mA 1 
Refresh Current (CAS before RAS Refresh, trzc=min) leces | 69 | 


Input leakage (0< Viu.<7V) LI 
Output leakage (0< Viaur<7V) 


Output levels High (oue=—5mA) Vou Vec Voc Vec 
Output levels Low (Jo:=4.2mA) Vor | 0 | 04 | 0 [ 04 | 0 | 0.4 | 


Notes) 1. Icc depends on output loading condition when the device is selected [cc max, is specified at the output open condition. 


pment 
i 

° 

| 

— 
So 
— 
é 
| 

—y 
So 
— 
e 
| 

— 
fom] 
— 
5 


MECAPACITANCE (Vcc=5V+10%, Ta=25°C) 


Parameter 


Clocks, Data-Out 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2. CAS=Vin to disable Dout. 


Input Capacitance 


MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to +70°C, Vec=5V+10%, Vss=OV) 1 11) 


max max 

Access Time from RAS |tee | — | 120] — | 1s0{ — | 200] ns | 2,3 
Access Time from CAS | teoc | — | 60 | — | | — | 100] ns | 3,4 
Transition Time (Rise and Fall) tr {| 3 | so] 3] 50} 3 | 50] ns | 6 
Random Read or Write Cycle Time irc 220 | —| 20 | —| 330 | —| ns | 

RAS Hold Time pots | Op) ee | ae i007 eons 
GAC to RAS becuase tear | 10 ea art 
Column Address Hold Time referenced to RAS | tee =| 80 | —| 10 | —| 120 | —| ns | 
Write Command Hold Time referenced to RAS | twee | 100 | — | 120 | — {| 155 | 
Write Command Pulse Width | tw | ao [| =- | 4 | — | 55 | ~/ as | 
Write Command to RAS Lead Time trwe 40 | 45 | —| 55 | —| ns | 
Write Command to CAS Lead Time tow. 40 | 45 | —| 55 | —|] os | 
Data-in Set-up Time ae 2a eee eae: 
Data-in Hold Time ton 40 | 45 | —{ 55 | —| ns | 8,9 
Data-in Hold Time referenced to RAS tDuR 100 120 | | 155 = 
Read Command Set-up Time ircs 0 Foo | —]| o | | 

Read Command Hold Time referenced to CAS | tren | 0 [| —]| o | —]| of —| os | 

Read Command Hold Time referenced to RAS | teen | 10 | —/| 10 | —|] 10 | —| as | 
Refresh Period ae ee see ee ee 


(to be continued ) 
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HM50257-12, HM50257-15, HM50257-20 
HM50257P-12, HM50257P-15, HM50257P-20 


Read- 


CAS 


‘@) 
N 


RAS 


Parameter 


Write Cycle Time 
to WE Delay 
to WE Delay 


Precharge Time 


| tawe 


Setup Time 
Hold Time(CAS before RAS Refresh) 
Precharge to CAS Hold Time 


Notes 


AC measurements assume ¢7 = Sns. 

Assumes that trcp <trcp (max). If trop is greater 
than the maximum recommended value shown in this 
table, frp 4c exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 

Assumes that trpcp2trcp (max). 

torr (max) defines the time at which the output 
achieves the open circuit condition and output voltage 
levels are not referred. 

Virz (min) and V7zz (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V 77; and V7; . 

Operation with the trop (max) limit insures that 
trac (max) can be met, trcp (max) is specified as a 
reference point only; if trop is greater than the 
specified trop (max) limit, access time is controlled 
exclusively by tc,ac. 


TIMING WAVEFORMS 
@®READ CYCLE 


228 


tras 


tAasSR 


Address 


tRcS 
A 


tRACc 


WRITE 


Dout 


8. 


are 12 /HM50257/P- 15 | HM50257/P-20 


Unit | Notes 


twcs, tcwp and trwp are not restrictive operating 
parameters, 

They are included in the data sheet as electrical 
characteristics only; if twos 2twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwp 2 tcwp (min) and trpwp 2 
trwp (min), the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is: satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

An initial pause of 100us is required after power-up 
then excute at least 8 initialization cycles. 

At least, 8 CAS before RAS refresh cycle are required 
before using internal refresh counter. 


tRSH 


ECRP 


Ge 7 
X | KX K 


tRCH 


\J 


tcac 


ltoFF 
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HM50257-12, HM50257-15. HM50257-20 
HMS0257P-12, HM50257P-15, HM50257P-20 


@WRITE CYCLE 


ses tRAs 
RAS 
tRcp 
K tras 
tase can 
tcwL 
Address as Ht * / 
Xl x X Xx 
ia 
=i twow 
WRITE twp 
= 
~<———— tpHR 
th 
Hh 7 
Deut 
@ READ MODIFY WRITE CYCLE 
trwc 
RAS 
trp 
tRWL 


CAS 
tcwL 
tase RAH tasc 


we rae 


tRAC 


Dout 
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HM50257-12, HM50257-15, HM50257-20 
HM50257P-12, HM50257P-15, HM50257P-20 


@ RAS ONLY REFRESH CYCLE 


——_ 


RA 
tRAS 
tRPC 
tcrP 
CAS . 
tASR tRAH 


Address \ Ft * / 
ae 


* REFRESH ADDRESS Ao—A7(AXo~AX7) 


@HIDDEN REFRESH CYCLE 


RAS (READ) tras (REFRESH) 
{RP {RP 


| ed 


WRITE 


Dout 
<< 


@®CAS BEFORE RAS REFRESH CYCLE 


lOFF 


RAS tRAS {RP 


mo 
Bo 
op) 


Address 


Dan’t care . ¢ 
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HM50257-12, HM50257-15, HM50257-20 
HM50257P-1 2, HM50257P-15, HM50257P-20 


@ COUNTER TEST 


RAS (REFRESH) (READ/WRITE) 


tCHR tCAS 
tcp 


Address 


WRITE 


MINIBBLE MODE CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=O0V) 


HM50257/P-12 HM50257/P-15 HM50257/P-20 Unit 
a ni 


| Hiso257/P-12_ | HM50257/P-15 _| 
ics min | max 
Nibble Mode Access Time ES Se 0 a” 
Nibble Mode RAS Cycle Time vec 300 | -— | 46 | — | 590 | ns 
Nibble Mode RAS Pulse Width wea | 290S«| SC S| S850 | SC | tc ns 
Nibble Mode Cycle Time 55 f = | 6 | - | 8 | ns 
Nibble Mode CAS Precharge Time [ar | 0 | - | 2 | - | 5 ms 
Nibble Mode CAS Pulse Width [aca 25 — | 2 | - | 8 | - | 1s 
Nibble Mode RAS Hold Time ea Oe a | ee ee 
Nibble Mode Write Command to CAS Lead Time | ew. | 20 «| =— | 2 | - | 3 | ~ | ns 
Nibble Mode Write Command to RAS Lead Time eC ea 2 ns 
Nibble Mode Write Command Pulse Widt] awe | 20 | - | 2 | — [| 35 | ~ | os 


@NIBBLE MODE READ CYCLE 


tase tran 


ph 


URCH 


os < P< >< SD <2 


@ HITACHI 231 


HM50257-12, HM50257-15, HM50257-20 
HM50257P-12, HM50257P-15, HM50257P-20 


@NIBBLE MODE WRITE CYCLE 


RAS 


Ga 


QO 
> 
i 


Address 


Dout 


232 


i INRSH 


e 

PY 
Sri ey 
MRO KX XX 


Hi Z 
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HN61364P, HN6G1364FP 


8192-word x 8-bit Mask Programmable Read Only Memory HN61364P 


The HN61364P/FP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 

The active level of the CS, OEyp ~ OE, inputs and the memory content 
are defined by the user. The Chip Select input deselects the output and 
puts the chip in a powerdown mode. 


=m FEATURES 

@ Fully Static Operation HN61364FP 

@ Automatic Power Down 

@ Single +5V Power Supply 

@ Three-state Data Output for OR-ties 

@ Mask Programmable Chip Select and Output Enable 

@ TTL Compatible 

@ Maximum Access Time; 250ns 

@ Low Power Standby and Low Power Operation; Standby 5uW (typ), 
Operation 50mW (typ) 


®@ Pin Compatible with EPROM 


= PIN ARRANGEMENT 
= BLOCK DIAGRAM ® HN61364P 


3-State 

Output 
Address Buffe 3 
Decoder 


= ABSOLUTE MAXIMUM RATINGS 


To 
°C 
C 


* with respect to Vgg 
= RECOMMENDED DC OPERATING CONDITIONS 


‘fem ; @ HN61364FP 
Supply Voltage * . . ; =] 


(Top View) 


Input Voltage * 


Operating Temperature 


* with respect to Vss 
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HN61364P, HN61364FP 


= ELECTRICAL CHARAGTERISTICS (Voc = 5V410%, Vsg = OV, Ty = —20 to +75°C 


2 eC 
Output High-level Voltage Vou 
V 2 


Output Low-level Voltage 

Input Leakage Current sy lin 
Output High-level Leakage Current 
Output Low-level Leakage Current Vout=0.4V, CS=0.8V, CS=2.2V 
vn Giese Vec=5.5V, Low=OmA, trc=min, duty = 1002 
Voc=5.5V, CS2Vec—0.2V, CSS0.2V 


Input Capacitance V..= . ° 
; : in=0V, f=1MHz, T4=25°C 
Output Capacitance 


* Steady state current ** Vog =5V, Tq = 25°C 


Q 
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2 
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= RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 
(Vec=5V410%, Vss=OV, Ta=—20 to + 75°C, t-=ty=20ns) 


Read Cycle Time 
Address Access Time 
Chip Select Access Time 


e AC TEST LOAD 


Test Point ce 


130pk Lik 


e TIMING WAVEFORM 
e Read Cycle (1) 


Address Notes) 1. t,=t;=20ns 


2. Ci includes jig capacitance. 
3. All diodes are 1S2074@. 


OTES: 

_ Device is continuously selected. 
Address Vaild prior to or coincident 
with CS transition low. 

OE =H Vy 

Input pulse level: 0.8 to 2.4V 

Input and output reference level: 
1.5V 


ohw No 


e Read Cycle (3) Notes 2,3 
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FiN6G1364HP— ———Y————Preliminary 


8192-word x 8-bit Mask Programmable Read Only Memory 


The HN61364HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single.power supply, has 
compatibility with TTL, and requires no clocks or refreshing because 
of static operation. 

The active level of the CS, OEg ~ OE, inputs and the memory con- 
tent are defined by the user. The Chip Select input deselects the 
output and puts the chip in a powerdown mode. 


FEATURES 

Fully Static Operation 

Automatic Power Down 

Single +5V Power Supply 

Three-state Data Output for OR-ties 

Mask Programmable Chip Select and Output Enable 
TTL Compatible 

Maximum Access Time; 200ns 

Low Power Standby and Low Power Operation; Standby 5uW 
(typ), Operation 50mW (typ) 

Pin Compatible with EPROM 


# BLOCK DIAGRAM 


3-State 

Output 
Address Buffe 3 
Decoder 


(Top View) 


* Active level defined by the user. 


NOTE: 

The specifications of this device are subject to 
change without notice. 

Please contact your nearest Hitachis Sales Dept, 
regarding specifications. 
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HN61365P 


8192-word < 8-bit Mask Programmable Read Only Memory 


The HN61365P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, 
has compatibility with TTL, and requires no clocks or refreshing 
because of static operation. 

The active level of the CS input and the memory content are de- 
fined by the user. The chip select input deselects the output and 
puts the chip in a power-down mode. 


MFEATURES 

@ Fully Static Operation 

@ Automatic Power Down 

@ Single +5 Volt Power Supply 

@ Three-State Data Output for OR-Ties 

@ Mask Programmable Chip Select 

@ TTL Compatible 

@ Maximum Access Time; 250ns 

@ Low Power Standby and Low Power Operation; Standby 5uW 


(typ.), Operation 50mW (typ.) 
Pin Compatible with EPROM 


MBLOCK DIAGRAM 


Memory 3-State 


Address Matrix Output 


Decoder (81928) Buffers 


(Top View) 


Vcoc=Pin 24 
Vss=Pin 12 


* Active level defined by the user. 


MABSOLUTE MAXIMUM RATINGS 


Supply Voltage* Vec V 
Input Voltage* V 
Operating Temperature  « 
Storage Temperature °C 
Storage Temperature (under bias) Tics C 


%* with respect to Vss 
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HN61365P 


MiRECOMMENDED DC OPERATING CONDITIONS 


aa eT a 
Pee ae eae ee 


Supply Voltage * 


a 
on 
< 


Q 
al<}< 


Input Voltage * 


Operating Temperature 


%* With respect to Vss 


ui 
on 


MELECTRICAL CHARACTERISTICS (Vcc=5V £10%, Vss=0V, Ta=—20 to +75°C 


lon = — 205uA 


Tor=3.2mA 
Input Leakage Current Vin=0~5.5V 


i Vou = 2. ei 
Output Leakage Current CS=0.8V, CS=2.2V 
Tiot | Ver O.4V | 4V 


Active Supply Current Vec=5.5V, lbovr=0mA, frc=min, duty =100% 


Stand by Supply Current CS 2Vec—0.2V, CSS0.2V, Vec=5.5V 


Input Capacitance 
Via=OV, f=1MHz, Ta=25°C 
Output Capacitance Cour 


* Steady state current ** Vec=5V, To=25°C - 
MM RECOMMENDED AC OPERATING CHARACTERISTICS 
@READ SEQUENCE (Vcc=5V+10%, Vss=OV, Tai 96 to +75°C, t-=t;=20ns) 


eee” 


= 
3 

e 
=f 


ty ax 


~ 
a 
< 


Input Voltage 


Output Voltage 


| 
NyPo];s 
wm | ool oo 
rm | om | 
Oo}olmn 
~~ 
>| > < 


—_ 
S 


mo [om | GO 

an fan) 
i 
> 


i) 
on 
3 

> 


o 
so} 
Fr 


Address Access Time taa Fo 250 ns 
Chip Select Access Time Ftacs Ud] O 8 ns 
Chip Selection to Output in Low Z ee eee ns 
Chip deselection to Output in High Z | teraz =| 100 ns 
Output Hold from Address Change tou ofl ns 


e AC TEST LOAD 
@READ CYCLE (1) 


Address 


Test Point 


130pr Lika 


ah 


Notes) 1. t,=t;=20ns. 
@®READ CYCLE (2) (Notes 1) 2. Cx includes jig capacitance. 
3. All diodes are 1S2074@®. 
Address 
Notes) 


1. Device is continuously selected 
2. Address Valid prior ta or coincident with CS 
transition low. 


3. Input pulse level : 0.8 to 2.4V 


e READ CYCLE (3) (Notes 2 ) 4. Input and output timing reference level : 1.5V 
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HN61366P 


8192-word x 8-bit Mask Programmable Read Only Memory 


The HN61366P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 

The active level of the OE input and the memory content are defined 
by the user. 


MIFEATURES 


@ Fully Static Operation 

Single +5V power supply 

Three-State Data Output for OR-Ties 
Mask Programmable Output Enable 
TTL Compatible BPIN ARRANGEMENT 
Maximum Access Time; 250ns 

Low Power Operation; 50mW (typ.) 
Pin Compatible with EPROM 


MBLOCK DIAGRAM 


Memory 3-State 

Matrix Output 
Address (8192X 8) Beffers 
Decoder 


PRFYFeyyeey 


(Top View) 


* Active level defined by the user. 


MABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 
Supply Voltage* Voc V 
Operating Temperature GC 
Storage Temperature CG 
Storage Temperature (under bias) C 


* With respect to Vss 


MRECOMMENDED DC OPERATING CONDITIONS 


Supply Woltages Vec V 
CW oO Os a 
Input Voltage* 


Operating Temprature 


* With respect to Vss 
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HN61366P 


MELECTRICAL CHARACTERISTICS (Vec=5V+10%, Vss=0V, Ta=—20 to +75°C) 


ax 
Voc V 


[Von [form —B0iek—SCS~—~‘i tw P= 


a ise 
2 4° 
é x 


ae Vour=2.4V 10 A 

Output Leakage Current OE=0.8V, OF =2.2V 2 ai eee “ 
OUT Vv. — 7 

Operating Supply Current Icc* Vec=5.5V, lovr=0mA, frc=min | -— | 1 | 2 | mA 


— 
SoS 
ss} 

Fy 


Input Capacitance 


‘?) 


rp 
: 
sc) 
ry 


Output Capacitance 


Vii=OV, f=1MHz, Ta=25°C 
out 
* Steady state current ** Voc=5V, T=25°C 


MRECOMMENDED AC OPERATING CONDITIONS 
@READ CYCLE (Vcc=5V+10%, Vss=OV, Ta=—20~+75°C, t,=t;=20ns) @ AC TEST LOAD ects 


Read Cycle Time irc 250 = ns Pare 


Output Enable to Output Valid G = 100 ns ne os 
Output Enable to Output in Low Z torz 10 a ns 

Output Disable to Output in High Z 0 100 ns “ de 
Output Hold from Address Change tou 10 oS ns Notes! “4. =0/=—90n8 


2. Cx includes jig capacitance. 


3. All diodes are 152074@. 


MTIMING WAVEFORM 
@READ CYCLE (1) 


tae — 


2 Wii KVZZZZ 


—lore— 


bo .) GED G6. 
@READ CYCLE (2) %** ?’ 


Address 


Dout 


. OE=V;, 


1 
2. Imput pulse level : 0.8 to 2.4V 
3. Imput and output timing reference level : 1.5V 
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HN613128P, HN613128FP 


16384-word < 8-bit Mask Programmable Read Only Memory 


The HN613128P/FP is a mask-programmable, byte-organized HN613128P 
memory designed for use in bus-organized systems. To facilitate use, 
the device operates from a single power supply, has compatibility 
with TTL, and requires no clocks or refreshing because of static ope- 
ration. The active level of the CS, OE,9, OE, input and the memory 
content are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode. 


FEATURES 
@ Fully Static Operation 
@ Automatic Power Down MNGISIGEY 
@ Single +5-Volt Power Supply 
@® Three-State Data Output for OR-Ties 
@ Mask Programmable Chip Select, Output Enable 
® TTL Compatible 
@ Maximum Access Time; 250ns 
@ tow Power Standby and Low Power Operation; 
Standby: 5uW (typ.) 
Operation: 50mW (typ.) MPIN ARRANGEMENT 


® Pin Compatible with EPROM @HN613128P 


MBLOCK DIAGRAM 


Al Do 
A2 D1 
A3 Memory 3- State 
AA Matrix Output D4 
AS Address (16384 x8) Buffers Ds 
A6 Decode 
A? D6 
A8 D? 
Ag 
Al0 
All 
Al2 
Al3 
* CS 


+ 4) 


* Active level defined by the user. 


MABSOLUTE MAXIMUM RATINGS . 
(Top View) 


ten me eineigigere 


—0.3 to +7.0 V 
Input Voltage* a -0.3 to +7.0 
Operating Temperature Range eee Tor 
Storage Temperature Range —§5to + 125 
Storage Temperature Range (under bias) 


* With respect toVss. 


Supply Voltage* 


‘etlestedr- 


Mi RECOMMENDED DC OPERATING CONDITIONS 


Supply Voltage * 


Input Voltage * 


Operating Temperature 


* With respect to Vss. 
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HN613128P, HN613128FP 


MI ELECTRICAL CHARACTERISTICS (Vcc=5.0V+10%, Vss=0V, Ta= —20 to +75 °C ) 


Output High-level Leakage Current Vou =2.4V, CS =0.8V, CS = 2.2V | = —] — | 10 | #A 
Output Low-level Leakage Current Trot Vou =0.4V, CS =0.8V, CS = 2.2V a HA 
Supply Current (Active /Standby ) Tedd Tes \Vec=5.3V, borr=0mA, &ec=min, duty=100% Cs2 Vee—-0.2V,CSS0.2V — 25/30 |mA/HA 
Input Capacitance V.. =0V, f=1.0MHz, Ta= 25°C a ee ee 
Output Capacitance Cai Vin = OV, f=1.0MHz, Ta=25°C ee =o 15 pF 


* Steady state current «© Voc=5V, Ta=25'C 


Mi RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 
(Vec=5.0V+10%, Vss=O0V, Ta= —20 to +75°C, All timing with t,=?t;=20ns) 


HN613128P 
Item Symbol Sa Unit 
min max 
Read Cycle Time =] tre 250 = ns 
Address Access Time taa = 250 ot ns 
Chip Select Access Time tacs ai 250 ns 
Chip Selection to Output in Low Z teiz 10 = ae ns 
Output Enable to Output Valid bor am 100 ns 
Output Enable to Output in Low Z torz = ns 


10 
Chip deselection to Output in High Z tee 100 ns 
Chip Disable to Output in High Z a ee ee 100 ns 


Output Hold from Address Change ton 0 — ns 
@ TIMING WAVEFORM 
@READ CYCLE (1) 


e AC TEST LOAD 


Address 
OE Se ee ek Oo ae ee Test Point 
te nee 
a | LVI 
x A) Z| 
= —_|— | a 
: XXX 
. J \ JNZN Notes) 1. t,=t,=20ns. 
: 2. Cx. includes jig capacitance. 
@READ CYCLE (2) (Notes 1,3) 3 All diodes are 182074@. 
tre 
Address NOTES: 
1. Device is continuously selected. 
2. Address Valid prior to or coincid 
wv, with CS transition low. 
4. Input pulse level: 0.8 to 2.4V 
@ READ CYCLE (3) (Notes 2,3) 5. Input and output reference le 


CS 1.5V 


Dout 


242 @ HITACHI 


HN613128SHP 


16384-word x 8-bit Mask Programmable Read Only Memory 


The HN613128HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 
TTL, and requires no clocks or refreshing because of static opera- 
tion. The active level of the CS, OE,, OE; input and the memory 
content are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode. 


FEATURES 

Fully Static Operation 

Automatic Power Down 

Single +5-Volt Power Supply 

Three-State Data Output for OR- Ties 

Mask Programmable Chip Select, Output Enable 

TTL Compatible 

Maximum Access Time: 200ns 

Lower Standby and Low Power Operation; 
Standby: 5uW (typ.) 
Operation: 5OmW (typ.) 

@ Pin Compatible with EPROM 


MBLOCK DIAGRAM 


Al ee 
ae! oe esl = 
A3 Memory ae 3- State = 
Ad Matrix ae Output D4 
AS Address (16384x8) [| sd] Suffers Ds 
AG Decode 
A8 D7 
Ag 
Al0 
All 
Al2 
Al3 

* CS 


me 

* Active level defined by the user. 
NOTES: 
The specifications of this device are subject to 
change without notice. 
Please contact your nearest Hitachis Sales Dept, 
regarding specifications. 
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Preliminary 


HN613128HP 


(DP-28) 


MPIN ARRANGEMENT 


(Top View) 
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HN61256P, HN61256FP 


32768 <8-bit or 65536 x 4-bit CMOS Mask Programmable Read Only Memory 


The Hitachi HN61256P/FP is a mask programmable 32768 x 8-bit or 
65536x4-bit CMOS read only memory. It operates from a single 
power supply and is compatible with TTL. Low power consumption 
makes this memory well-suited for battery-operation or hand-held 
personal computers. Memory expansion can be implemented through 
one chip select input. Either active ‘‘High’” or active ‘‘Low’’-dr chip 
select input and a chip enable input are defined at mask level. The 
organization of 8 bit or 4 bit is defined by the user. 


MFEATURES 


@ Mask-programmable selection of either 4-bit or 8-bit organization 

@® Three-state outputs, can be wire-ORed. 

@ One mask programmable chip select terminal facilitates memory 
expansion. 

@ Asingle 5V power supply (+10%) 

@ Low power consumption: Operation 7.5mW (typ.), 
Standby 5uW (typ.) 

@ TTL compatible 

@ Access time: 3.5us (max) 


MBLOCK DIAGRAM 


bp nb 


cS 


a 


Y- Decoder 
2 eee 


Memory Array 


262144 bits 


| Timing Generator | Generator 


*1 Active level defined at mask level. 
*2 Mask programmable selection of either 4-bit or 
8-bit organization. 


In 4-bit organization, data outputs are Do to Ds. 
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HN61256P 


HN61256F P 


MPIN ARRANGEMENT 
@HN61256P 


(Top View) 
@ HN61256FP 


(Top View) 


BIEABSOLUTE MAXIMUM RATINGS 


Supply Voltage* Vec =0,.392+7 0 Vv 
v 


Input Voltage* —0.3~+7.0 V 


rp 


Operating Temperature Range Tepe 0~+75 C 
Storage Temperature Range Ty —55~+125 Cc 


Q 


Bias Storage Temperature Range Ties —20~+ 85 


Note : * Referenced to Vss. 


M ELECTRICAL CHARACTERISTICS 
(Vec=5V+10%, Vss=O0V, Ta=0~+75°C) 


Input “High” Level Voltage fe cep Poe see tees tll 2.4 
Ton = —1004A 

Output “Low” Level Voltage To. =1.6mA 

Input Leakage Current 


ue) 
* 
- 

=] 
=: 


y 

Vec V 
Input “Low” Level Voltage 
Output “High” Level Voltage 


Vin 
Vit 
Von 


i) 
2 
> 


Output “High” Level Leakage Current Thon 


Output “Low” Level Leakage Current Thot 


In stand-by Is 
Supply Current 


Input Capacitance Cr 
Ca 


7 0.2V, 

ss t0.2V 
= Ops, Jou =OmA, 
CE = 3.0us 


Cc 
E= 
an 


oS 
as 
> 


Ol 
nn 
IVINV 
SS 
< 
in) 
Q 
I 
aa 
on 
< 


w . ° 
wn oo 
2S 
> 


V,. =0V, f=1MHz, Ta= 25°C 


—" 
9 
Loa) 

wo 

ry 


Output Capacitance 


— 
on | 


* Steady state current ** Voc =5V, Ta =25°C 


MAC OPERATING CONDITION AND CHARACTERISTICS 
@READ SEQUENCE (Vec=5V+10%, Vss=0V, Ta=0~+75C, t,=t;=20ns) 


Item Symbol min max Unit 


Read Cycle Time t Rc 4.0 


Address Access Time US 
Chip Enable Access Time Hs 
Data Hold Time from Address t oF 0.05 05 | Hs 


Address Set-up Time tas 0.5 


Chip Enable ON Time ter 3.0 | — | ws 


Chip Enable OFF Time tce 0.5 Hs 
peed ® AC TEST LOAD 
CSC . 5.0V( Vcc) 
OXx> BV <« Ri =2.4kQ 
tas tCE (CE Test point 
P| | | 
cE | 2.4V 2.4V 2.4V 
| 0.8V 0.8V | 
| | tE ACC J | tor 
| taacc I | 
= | 


Cx x 2.4V ! HI Z 
ve QLRLY oe eis Notes : 1.t,-~t;~20ns. 


2.Ci imeludes jig capacitance. 
3.All diodes are 182074®@. 
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HN61256P, HN61256FP 
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HN613256P, HN613256FP 


32768-word x 8-bit Mask Programmable Read Only Memory 

The HN613256P/FP is a mask-programmable, byte-organized memo- HN6 13256P 
ry designed for use in bus-organized system. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks nor refreshing 
because of static operation. 

The active level of the CS and OE input, and the memory content 
are defined by the user. The Chip Select input deselects the output 
and puts the chip in a power-down mode. (DP-28) 


FEATURES HN6 13 256FP 
Fully Static Operation 

Automatic Power Down 

Single +5V Power Supply 

Three-state Data Output for OR-ties 

Mask Programmable Chip Select and Output Enable 
TTL Compatible 

Maximum Access Time: 250ns 

Low Power Standby and Low Power Operation; = PIN ARRANGEMENT 
Standby 5uW (typ.), Operation 50mW (typ.) e HN613256P 
@ Pin Compatible with EPROM 


# BLOCK DIAGRAM 


Address 
Decoder 


(Top View) 


* Active level can be defined by the customer. 


* Active level defined by the user. e HN613256FP 


® ABSOLUTE MAXIMUM RATINGS 


Item ymbol Unit 
Supply Voltage* Vv 
Input Voltage* V 
Operating Temperature Range aC 
Storage Temperature Range =¢ 


Storage Temperature Range (Under Bias) —20 to +85 °C 
*With respect to Vss 


~” 


MM RECOMMENDED DC OPERATING CONDITIONS 


Supply Voltage * 


Input Voltage * 


* Active level can be defined by the customer. 


Operating Temperature 


* With respect to Vss. 
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= ELECTRICAL CHARACTERISTICS (Vcc = 5.0V+10%, Vss = OV, Ta = —20 ~ +75° 


HN613256P, HN613256FP 


S * 
% 
3 
Re 
=, 
=a 


C) 
| min |ty 


Item Test Condition 
cone ‘RSE a 
OL 


1 = 
Output Leakage Current CS = 0.8V, CS = 2.2V 
LOL 


= 0mA, tpc = min, duty = 100%. 


Voc =5.5V,CS > Vcc — 0.2V, CS £ 0.2V f = {| 1] 
ee 
aa 


Input Capacit Ci 
DpuL rere 2 Vin = OV, f= 1 MHz, Tg = 25°C Led 
Output Capacitance Cout eens 


Active 


Supply Current 
Pen Standby Tes 


* Steady state current 
** Voo=5V, Tg=25°C 


ry 
Q 
‘i 
* 
NS 
Qa 
Q 
I 
io) 
in 
= 
Lene] 
° 
sag 
~ 


= RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 
(Vec=5V+10%, Vss=OV, Ta=—20~4+75C, t= t;=20ns) 


i Item Symbol | min | max | Unit 
Read Cycle Time tRC 200 | | ns 
Address Access Time tAA | — | 200 | ns 
Chip Select Access Time fracs| - | 200 ns 
Chip Selection to Output in Low Z “terz | 10 | - | ns 
Output Enable to Output Valid tOE Fee le LOO ns 
Output Enable to Output in Low Z Ftorz | 10 | - | ns 
Chip Deselection to OutputinHighZ | tcnz| 0 | 100 | ans 
Chip Disable to Output in High Z -tonz| 0 | 100 | ns 
Output Hold from Address Change /ton | 10 | - | ns 

a TIMING WAVEFORM 


e READ CYCLE (1) 


Address 


Dout 


@ HITACHI 


@ AC TEST LOAD 


t 5.0V( Vec) 


> Rr=2.4kQ 


Test Point 


Notes .1. t-7t;~ 20ns 
2. Ci includes jig capacitance 
3. All diodes are 1$2074@ 


NOTES: 

1. Device is continuously selected. 

2. Address Valid prior to or coinci- 
dent with CS transition low. 

3. OE= Vit. 

4. Input pulse level: 0.8 to 2.4V 

5. Input and output reference level: 
1.5V 
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Preliminary 


HN613256HP 


32768-word x 8-bit Mask Programmable Read Only Memory 
HN613256HP 


The HN613256HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized system. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks_nor refreshing be- 
cause of static operation. 

The active level of the CS and OE input, and the memory content 
are defined by the user. The Chip Select input deselects the output (DP-28) 
and puts the chip in a power-down mode. 


FEATURES = PIN ARRANGEMENT 
Fully Static Operation 


Automatic Power Down 

Single +5V Power Supply 

Three-state Data Output for OR-ties 

Mask Programmable Chip Select and Output Enable 
TTL Compatible 

Maximum Access Time: 200ns 

Low Power Standby and Low Power Operation: 
Standby 5uW (typ.), Operation 50mW (typ.) 

@ Pin Compatible with EPROM 


= BLOCK DIAGRAM 


(Top View) 


* Active level can be defined by the customer. 


Matrix Output 


Address Buffer 
Decoder 


32,768 > 8 


* Active level defined by the user. 


® ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 
Supply Voltage* V 
Input Voltage* Vv 
Operating Temperature Range “GC 
Storage Temperature Range a 
Storage Temperature Range (Under Bias) nie 


Note) 


*With respect to Vss The specifications of this device are 


Mi RECOMMENDED DC OPERATING CONDITIONS 


subject to change without notice. 
Please contact your nearest Hitachis 
Unit Sales Dept, regarding specifications. 


Supply Voltage * 


Input Voltage * 


Operating Temperature 


* With respect to Vss. 
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Preliminary 


HN62301P 


131,072-word x 8-bit Mask Programmable Read Only Memory 


The HN62301P is a mask-programmable, byte-organized memory a 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 

TTL, and requires no clocks or refreshing because of static opera- 

tion. The Chip Enable and the memory content are defined by the 

user. The Chip Enable input deselects the output and puts the chip 

in a power-down mode. 


MFEATURES 
@ Static Operation 


Maximum Access Time-350ns 
Lower Power Standby and Low Power Operation; 
Standby: 2mW (typ.), Operation: 75mW (typ.) 


@ Automatic Power Down 

@ Single +5-Volt Power Supply (DP-28) 

@ Three-State Data Output for OR-Ties ss 
© TTL Compatible MIPIN ARRANGEMENT 

® 


MIBLOCK DIAGRAM 


Memory Matrix \ > i 
. Ener. utput 
32.76% * 32 39 abit Jp afte rs 


Decoder 


(Top View) 


MABSOLUTE MAXIMUM RATINGS 


— 
Item Symbol ap Value 
Supply Voltage * in Vec ae —0.3 to +7.0 
y Y 

Input Voltage* | Vi. he Nes to 70 

Operating Temperature Range fe 2 0 to +70 
oe 

Storage Temperature Range Tvig —55 to +125 
T 

Bias Storage Temperature Range Thiae —20 to +85 


* With respect to Vss 


Note) The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 
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HN62301P 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C) 


Input Voltage* 
aba Vee— 3 


* with respect to Vis 


MIELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=0 to +70°C) 


Normal Operating Current fecev=min, Vec=5.5V, fu =OmA, duty =100% P= | | 50 mA 
Nibble Operating Current frcg=min, Vec=5.5V, Lu=OmA, duty =100% ies gs mA 
Stand by Current iat CE2 Vec—0.2V, Vec=5.5V = | oa | 10 | mA 
Input Leakage Current Th Vin =0 to 5.5V, other 0V —10 | = [| 10 | KA 
Output Leakage Current 
Output Voltage 
* Steady state current *** Voc=5V, T2=25'C 
* * TBD 
MECAPACITANCE (Vcc=5V+10%, Ta=25'C, 1MHz Vii=0V) 
MAC CHARACTERISTICS (Vcc=5V110%, Vss=O0V, Ta=0 to +70°C,t,=t;=20ns) 
Ca A 
[EE heews Tews ee | 
CE Enable Pulse Width ice a ee eee ns 
aed CE Disable Pulse Width tcE ee eee ns 
CE operation 
.x.| Nibble Address Access Time* a ae 100 ns 
Nibble operation 


* Nibble Address Ao, Ai ««TBD 
*** The specifications of this mode are subject to change without notice. 
Please contact your nearest Hitachi's Sales Dept, regarding specifications. 
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HN62301P 


MTIMMING CHART 
@NORMAL CYCLE (CE=Low) 


eRe} 


Address 


Dout Previous Data 


@CE CYCLE 


tcr {CF 


Dout 


@NIBBLE CYCLE“ 


Previous Data 


Dout 


* Please contact your nearest Hitachi's Sales Dept. regarding specifications. 


e AC TEST LOAD 


Test Point 


130pF 11k2 


Notes) . tp =ts=20ns 


1 

2. Ci includes jig capacitance. 

3. All diodes are 1S 2074@. 

4. Input pulse level : 0.8 to 2.4V 

5. Input and output timing reference level : 1.5V 
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HN62301P 


@ CE DUMMY CYCLE 


E dummy cycle is necessary when Vcc rise time is longer than 20 ms. 


a MMM Us 


(Note) 1. There is no limitation for Voc rise time when at least one of 
addresses or CE signal is changed after power-up (Voc > 4.5V). 
350ns is required for the access after the transition. 


[ CASE 2] 


fo lms 


(Note) 1. Transition of neither address nor CE is necessary for system 
initialization when Vcc rise time is less than 20ms, because of 
Vcc—detective-circuit-operation. 
2ms is required for the access after power-up. 
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HN482732AG-20, 
HN482732AG-25, 
HN482732AG-30 


4096-word x 8-bit U. V. Erasable and Programmable Read Only Memory 
The HN482732A is a 4096-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 24 pin dual-in-line 
package with transparent lid. 
The transparent lid on the package allow the memory content to be 
erased with ultraviolet light. 


M FEATURES 

@ Single Power Supply ...... +5V +5% 

@ Simple Programming...... Program Voltage: +21V D.C 
Program with one 50ms Pulse 

©: StatiCsss Giecesindleawkn No clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Mode 

@ Access Time ............ HN482732AG-20 200ns (max) 
HN482732AG-25  250ns (max) 
HN482732AG-30 300ns (max) 

@ Absolute Max. Rating of Vpp Pin... 26.5V 

Low Stand-by Current ........... 35mA (max) 

@ Compatible with Intel 2732A 


MBLOCK DIAGRAM 


Output 


Buffers 


(Top View) 


Ao~ Ait 
32768 bit 


EPROM Matrix 


Mi MODE SELECTION 


CE OE /Vpp 
(18) (20) 


Outputs 
(9~11, 13~17) 


Read Vit Vit Dout 
Stand by Vix Don’t Care 

Program Vin V pp 

Program Verify Viv Vin 

Program Inhibit Vin V pp 
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HN482732AG-20, HN482732AG- 25, HN482732AG-30 


M ABSOLUTE MAXIMUM RATINGS 


Item ae. Symbol fe Value ale. | ett 
Operating Temperature Range ieee 0 to +70 | C 
Storage Temperature Range = To : —65 to +125 i ac 
All Input and Output Voltages* Ving Vout = 0.3 40.457 V 
Vep Voltage * | —0.3 to 26.5 V 
Vcc Voltage * V 


* with respect to GND 


M@ READ OPERATION 
@D.C. AND OPERATING CHARACTERISTICS (Ta=0 to 70°C, Vec=5V45%, Vop= 


Vec +0.6V) 
= x 3 
Parameter | Symbol Test Conditions 
Input Leakage Current Tu | Vin=5.25V 
Output Leakage Current Tio Vou =5.25V 
Vcc Current (Standby) L Tec | CE = Vin, OF = Viz 
_Vce Current (Active) | Icc2 OE =CE=Vit 
Input Low Voltage | Vin 
Input High Voltage Vin 
+-- ia cae - 
Output Low Voltage Vor | fo=2.1mA 
Output High Voltage | V on | Jon= — 400 HA 


@ AC CHARACTERISTICS (Ta=0 to 70°C, Vec=5V45%, Vop= Veco +0.6V) 


Parameter Symbol | Test Conditions 


HN482732AG-20 | HN482732AG -25 


“Ty ~T 
HN482732AG -30 
T + Unit 
min max 
a ae 

Address to Output Delay tacc — 300 ns 
PESTER TT 

CE to Output Delay | tee BeVa of. 300 ns 
OE to Output Delay lor CE 10 150 
= Fei ee spetee its pas ke See ad 2 pemonr pea) oe SS tke eae a aay ae 2 ee a 

OE High to Output Float 

Address to Output Hold ton 
eee 


ns 


@ SWITCHING CHARACTERISTICS 
Test Conditions 


rie ee seagrass ae S 20ns 


Standby Mode 


Data Out 


@ CAPACITANCE (Ta=25°C, f=1MHz) 


Parameter Symbol — Test Conditions. _ _ 
Input Capacitance (Except OE /Vep) Cin | Vin=OV _ 
OE /Vep Input Capacitance — Cm Vin=0V : a 
Output Capacitance Cout Viuw=0V 
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HN 482732AG- 20, HN482732AG- 25, HN482732AG-30 


Mi PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5V+5%, Vep=21V+0.5V) 


Parameter Test Condition 


Input Leakage Current Vin=Viz or Vin 


Output Low Voltage During Verify Tor=2.1mA 


Output High Voltage During Verify Tou= — 400 HA 2.4 
Vcc Supply Current ‘Ss 


Input Low Level 
Input High Level (All Inputs Except OE/V ep) 


Veep Supply Current 


@AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5V+5%, Vrrp=21V+0.5V) 


Parameter Symbol Test Conditions min max Unit 

Address Setup Time 2 | | _ US 
OE Setup Time 2 — US 
Data Setup Time y) aa _ US 
Address Hold Time “po 0 |p | a US 
OE Hold Time Tt 2 — = BS 
Data Hold Time | 2 = = us 
Chip Enable to Output Float Delay * 0 = 130 ae ns 
Data Valid from CE ia — — 1 = US 
CE Pulse Width During Proeramming _ | 4 50 55 =a ms 
OE Pulse Rise Time During Programming t PRT 50 s ae ns 
Vpep Recovery Time is, fee Oe | 2 os = HS 
* tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
@ SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level ........ bP aha heres 0.8V to 2.2V 

Input Rise and Fall Time ................. S 20ns 

Reference Level for Measuring Timing: ............. Inputs 1V and 2V; Outputs 0.8V and 2V 

Program Program Verify 


ome an ‘ | ice 
N+m 


Data os Data In Stable . ( Data Out Valid | 


tos tov ; tor 
ee tan 
OE 


tpat 


@ ERASE 

Erasure of HN482732A is performed by exposure to 
ultraviolet light of 2537A and all the output data are 
changed to “1” after this erasure procedure. The 
minimum integrated dose (i.e. UV intensity x ex- 
posure time) for erasure is 15W-sec/cm? 


256 © HITACHI 


Supply Current I¢¢ (mA) 


Address Access Time tacc (ns) 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


Supply Voltage Voc (V) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 


Supply Voltage Voc (V) 


HN482732AG- 20, HN482732AG- 25, HN482732AG-30 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


Eu es eee 


100 


oo 
So 


Supply Current Ig¢g (mA) 


Ambient Temperature Tg (°C) 


ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 


Address Access Time t4cc (ns) 


Ambient Temperature Tg (°C) 
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HN482764G,HN482764G-2,” 


HN482764G-3 


8192-word x 8-bit UV Erasable and Programmable Read Only Memory 
The HN482764 is a 8192 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 28 pin dual-in-line 
package with transparent lid. The transparent lid on the package 
allows the memory content to be erased with ultraviolet light. 


MM FEATURES 
@ Single Power Supply ........... 2.0.02 ee eee +5V + 5% 
@ Simple Programming .......... Program Voltage: +21V D.C. 
Program with one 50ms Pulse 
@ -Statie inh eb a al oe FO No Clocks Required 
® Inputs and Outputs TTL Compatible During Both Read and Pro- 
gram Mode. 
@ Access Time ...........02065 HN482764G-2 200ns max 
HN482764G 250ns max 
HN482764G-3 300ns max 
@ High Performance Programming Available 
@ Low Standby Current ...............00000. 35mA max. 
_@ Compatible with Intel 2764 
MBLOCK DIAGRAM ——~ 
POM Output 
OE 


CE Buffers 


ne 65536 bit 
§ 
A X-Decoder 
12 . 
Memory Matrix 


MMODE SELECTION 


CE OE PGM Vep Vec Outputs 
Mode (20) | (22) | (27) | (1) | (28) | (11~13, 15~19) 
Stand-by Vin Veo | Vee High Z 


Program Vin Vin Din 


Program Verify Vin Vin Vep Vcc Dout 


Vin 
Program Inhibit Viw Vep Vec High Z 


x : don’t care 


M ABSOLUTE MAXIMUM RATINGS 


T 


Operating Temperature Range i a 0 to +70 Cc 


Storage Temperature Range —65 to +125 


2 C 
All Input and Output Voltage* V 6 to-4-7 V 
Vee Voltage Vep —0.6 to +26.5 V 


* - with respect to GND 
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HN482764G, HN482764G-2 
HN482764G-3 


MPIN ARRANGMENT 


(Top View) 


HN482764G-2,HN482764G, HN482764G-3 


MREAD OPERATION 
@DC AND OPERATING CHARACTERISTICS ( Ta=0 to +70°C, Vec=5V+5%, Vep= Vect0.6V) 


Input Leakage Current Vec=5.25V, Vis =5.25V a oe ee ee. 
Output Leakage Current Veo =5.25V, Vou =5.25V /0.45V a ae ae HA 
CRM Se 


Vec Current (Standby) Ice. CE =Vin 


Output High Voltage Ton = —400 2A a ee ee ee 


@AC CHARACTERISTICS ( Ta=0 to +70°C, Vec=5V 45%, Vep=Vec£0.6V) 


or HN482764G-2 HN 482764G HN 482764G-3 ; 
Parameter Symbol Test Conditions - Unit 


Address to Output Delay tacc CE=OEF= Viz ae ee ee | = 
CE to Output Delay 200 = 250 LI 300 ns 


OE to Output Delay 


OE High to Output Float CE= Vit 0 70 0 9 | o | 130 | ns 


Note . tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


m | 
‘@) 
Sire 
| 
S|] 
mie 
S| 
os) 
> 
oS 
= 
=) 
= 
a 
oO 
=) 
th 


@ SWITCHING CHARACTERISTICS 
Test Condition 


input Pulse Levels: 0.8V to 2.2V 

Input Rise and Fall Time: < 20ns 

Output Load: 1TTL Gate + 100pF 
Reference Level for Measuring Timing: Inputs; 1V and 2V 


Output; 0.8V and 2.0V 


Address 


Standby Mode Standby Mode 


Data Out 


@ CAPACITANCE ( Ta= 25°C, f=1MHz) 
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HN482764G-2, HN482764G, HN482764G-3 


HM PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Ta=25C+£5°C, Vec=5V 5%, Vep=21V+0.5V) 


Parameter Symbol Test Condition min typ max 
Vin = 5.259 V 
Io. =2.1mA 
Ton = — 400 HA 


—" 
oS 


Input Leakage Current Tu 


Out put Low Voltage During Verify OL 0.45 


= 


= 


= 
x 


RO 
rs 


Output High Voltage During Verify 


OH 
Vec Current (Active) Icc2 100 
Input Low Level 


Input High Level Veot1 


= 
G ) 
I 
vU 
a) 
g 
I 
= 
| 
i) 
ole 


w 
So 


Vep Supply Current I pp 


@ AC PROGRAMMING CHARACTERISTICS ( Ta=25C £5, Vec=5V+5%, Ver=21V £0.5V) 


Parameter Symbol Test Condition typ max 
Address Setup Time ta 
OE Setup Time toes 
Data Setup Time Ds 


Address Hold Time 

Data Hold Time 

OE to Output Float Delay 

Vep Setup Time 

PGM Pulse Width During Programming 
CE Setup Time ices 
Data Valid from OE toe 


Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


13 


oOo 


=) 


~ ~ ~~ ~ ~ 
> 
= wn 


<= 
n 


iF 


on 
So 


~~ 
v 
= 


S 
= 


150 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns 
Reference Level for Measuring Timing: Input; 1V and 2V 


Output; 0.8V and 2V 


Program Program 


LJ 


Data (| Data In Stable 7 ae hp 
au : 
os 


Vpp 
Vpp 

Vec tvs 
CE ; 


MM ERASE 

Erasure of HN482764 is performed by exposure to Ultra- 
violet light of 2537A, and all the output data are changed 
to 1" after this erasure procedure. The minimum inte- 
grated dose (i.e. UV intensity x exposure time) for erasure 
is 15W * sec/cm? 
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Unit 


Supply Current [CC (mA) 


SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 


Supply Voltage Vcc(V) 


ADDRESS ACCESS TIME VS. 
SUPPLY VOLTAGE 


Address Access Time t,4cc (ns) 


1 


Supply Voltage Vcc(V) 


Supply Current JCC (mA) 


Address Access Time t,4 Cc (ns) 
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HN482764G-2, HN482764G, HN482764G-3 


SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 


ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 
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HN482764G-2, HN482764G, HN482764G-3 


HM HIGH PERFOMANCE PROGRAMMING 


This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


SET PROG./VERIFY MODE 
Vep=2140.5V Veco =6.040.25V 


n=0 


| rogram teu = lms+5% 


S=10,11,7°15 


NO 


Address + 1— Address 


LAST 
Address? 


SET READ MODE 
Voo=5.0+0.25V Vep= Veco +0.6V 


NOGO 


High Performance Programming Flowchart 


@ AC PROGRAMMING CHARACTERISTICS (Ta=25°C4+5°C, Vec=6V+0.25V, Ver=21V +0.5V) 


Parameter Test Condition max Unit 
Address Setup Time 2 
OE Setup Time EA toes 2 | US 
Data Setup Time tos 2 — ae US 
at ES SS SCE (NE a SRS ERLE 
Address Hold Time i tan 0 | = os BS 
. rae SEE 
Data Hold Time , tH 2 | oe =a US 
OE to Output Float Delay * L tor : 0 = 130 ns 
: TT, T 
Vep Setup Time | t vps | 2 . eae _ us 
' ae . = ei peas 4 
Vec Setup Time | tvcs 1 2 ard mae eee ee 
+ + + 
PGM Pulse Width during Initial Program | t pw \ 0.95 1.0 — 1.05 ms 
PGM Pulse Width during Over Program ** : t opw | 3.8 = = . 63 ms 
CE Setup: Time ; onan oe 2 is meee ane 
Data Valid from OE | io | as | = ae 150 | ns 
Notes ) * tp defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
* * foi iS defined as mentioned in flort chart. 
@ SWITCHING CHARACTERISTICS 
Test Condition 
Address 
Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns Date 
Reference Level for Measuring Timing: Input; 1V and 2V ve 
Output; 0.8V and 2V me 
Vect+] 
vee Vec 
CE 
PGM 
OE 
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HN482764P-3 


8192-word x 8-bit One Time Electrically Programmable ROM 


The HN482764P-3 is a 8192 word by 8-bit one time electrically HN482764P-3 
programmable ROM. Initially, all bits of the HN482764P-3 are in 
the ‘1’ state (Output High). Data is introduced by selectively pro- 
gramming ‘‘0” into the desired bit locations. This device is packaged 
in a 28 pin, dual-in-line plastic package. Therefore, this device can 
not be re-written. 


@ FEATURES 

@ Spring Power Supply....... +5V +5% 

@ Simple Programming. ... Program Voltage: +21V D.C. 
Program with one 50ms Pulse 

@ Static ...... No Clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Mode 

@ Access Time .......--- 300ns max. 

Low Standby Current........ 35mA max. 

® Compatible with Intel P2764 


MPIN ARRANGMENT 


MBLOCK DIAGRAM aN 


Output 


Buffers 


65536 bit 


(Top View) 


X-Decoder 


Memory Matrix 


M MODE SELECTION 


CE. | OE | PGM | Vee Veo Outputs 
Mode (20) | (22) | (27) | (1) | (28) | (11~13, 15~19) 
Read Veo Dout 


Stand-by Vin Vec Vec High Z 


Program Verify Vin Vin Vin V pp Vec Dout 


Program Inhibit Vin Vop Vec High Z 


x I don’t care 


@ ABSOLUTE MAXIMUM RATINGS 
Symbol 


Operating Temperature Range 0 to +70 


Topr 


Storage Temperature Range T stg -55 to +125 
All Input and Output Voltage* 
Vpp Voltage -0.6 to +26.5 


* with respect to GND 
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HN482764P-3 


@ READ OPERATION 
@ DC AND OPERATING CHARACTERISTICS (7, = 0 to +70°C, Vog = 5V + 5%, Vpp = Voc + 0.6V) 


Parameter 
Voc = 5.25, Vout = 5.25V/0.45V 


Input Leakage Current Tyr 
Output Leakage Current Ino 
Vpp Current Ipp] Vpp = Voc + 0.6V 


Vcc Current (Active) CE=OE=Vz, 


Test Conditions 
Voc = 5.25V, Vin = 5.25V 


max Unit 


= 


i 
© 
—_ tm) 


= 
> 


paced. 
= 
> 


Ww 
ws 
5 

> 


S 
om) ™S 
— 
nN 
3 
> 


4 100 mA 


Output Low Voltage VoL Ioy = 2.1mA | - | - | 045 | V 
Output High Voltage Vou Ton = -400uA | 24] - | - | ov 


@ AC CHARACTERISTICS (Tq = 5V + 5%, Vpp = Voc t 0.6V, Tz = 0 to +70°C) 


Parameter Symbol Test Conditions 


Address to Output Delay tAcc CE = OE = Vir 
CE to Output Delay tor OE = Vir 
OE to Output Delay tor CE = Vir 
OE High to Output Float* tor CE = Vir 
Address to Output Hold toH CE = OE = V7, 


* tpr defines the time at which the output achives the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 
Test Condition 
Input Pulse Levies: 0.8V to 2.2V Reference Level for Measuring Timing: 
Input Rise and Fall Times: < 20ns. Inputs ;1V and 2V 
Output Load: 1TTL Gate + 100pF Outputs; 0.8V and 2V 


Address 


Standby Mode 


Data Out 


Parameter Unit 
Input Capacitance pF 
Output Capacitance pF 
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HN482764P-3 


Mi PROGRAMMING OPERATION 
@®DC PROGRAMMING CHARACTERISTICS ( Ta=25C+#5C, Vec=5V £5%, Vep=21V +0.5V) 


Parameter Test Condition min typ Unit 
Input Leakage Current fo te | Vee. 25V fF == | = | LA 
Out put Low Voltage During Verify Vow Attia | a | V 
Output High Voltage During Verify Vou = aaa at ee V 
Vpp Supply Current T pp CE =PGM = Vit ae ee mA 
@ AC PROGRAMMING CHARACTERISTICS ( Ta=25C +5, Vec=5V 5%, Vep=21V£0.5V) 
Address Setup Time AS el a el HS 

ee 


B 
wn 


OE Setup Time toes 


PGM Pulse Width During Programming tpw ee ee ee ee ms 
Data Valid from OE tor Eee ns 


Note | tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: <20ns 
Reference Level for Measuring Timing: Input; 1V and 2V 


Output; 0.8V and 2V 


Program Program 


Address 
Data Data In Stable es Data Uut 
Valid 

Vpp 

Vpp 
Vcc 

CE 

PGM 

OF 
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HN482764P-3 


HM HIGH PERFOMANCE PROGRAMMING 


This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


SET PROG. VERIFY MODE 
Vep = 21t05V Vee =6.0t 0.25V 


Program teu lms 257% 


Address + 1— Address 


SET READ MODE 
Voor = 5.04 0.25V Veep Vee + 0.6V 


High Performance Programming Flowchart 


@ AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=6V+0.25V, Ver=21V+0.5V) 
Parameter ___ Symbol | Test Condition min. typ _ max Unit 
a seas Ae ie el a ee ae + 


Se — +— a ee 

Address Setup Time tas 2 a = BS 
—— canes + . i. aa 

OE Setup Time tors 2 = a4 HS 
wey earls ee, ae . whe ws Seoty Sane Sst eee ey ar ee en a ee aves StS LS Aes a amen tron Sees 
Data Setup Time tos 2 = | ra pS 

em ee ener er ret — on — + _ + —s 

Address Hold Time tay 0 = ae HS 
Data Hold Time — es 2 ee a 2 a = us 
OE to Output Float Delay * tor 0 ay 130° ns 
Vpp Setup Time tyes 2 — _ US 
Vcc Setup Time tyes a = “ HS 
PGM Pulse Width during Initial Program t pw 0.95 | 1.0 1.05  — ms 
PGM Pulse Width during Over Program ** topw 3.8 | = 63 ms 
CE Setup Time tees | 2 = ae US 
Data Valid from OF te | . = | ee eee Se eee 
Notes ) * tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

*#K foru is defined as mentioned in flort chart. 
@ SWITCHING CHARACTERISTICS 
Test Condition 
Address 
Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns a 


Reference Level for Measuring Timing: Input; 1V and 2V 
Output; 0.8V and 2V 


. oe 


PGM 
{CPew! tors j 


2 Faas 
OE 
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HN27C64G-15, HN27C64G-20, 
HN27C64G-25, HN27C64G-30 


8192-word x 8-bit U.V. Erasable and Programmable CMOS ROM 


The CMOS EPROM HN27C64 is a 8192-word by 8-bit erasable and 
electrically programmable ROM. This device is packaged in a 28-pin, 
dual-in-line package with transparent lid. 

The transparent lid allows the memory content to be erased with 
ultraviolet light, where by a new pattern can then be written into the 
device. 


=» FEATURES 
@ Low Power Dissipation ..... 4AOmW/MHz max. (Active Mode) 
550uW max. (Stand by Mode) 
@ Access Time ....-..eee2 eee 150ns max. (HN27C64G-15) 
200ns max. (HN27C64G-20) 
250ns max. (HN27C64G-25) 
300ns max. (HN27C64G-30) 
@ Single Power Supply ....---- +e sere r eres +5V+10% 
@ Simple Programming ......---- Program Voltage; +21V D.C. 


Program with One 50ms Pulse 
@ Support High Performance Programming 


@ Static .. 0... cc ee cee ee er tte No Clocks Required 
@ Inputs and Outputs TTL Compatible During Both Read and Pro- 
gram Modes 


@ Fully Decoded On-chip Address Decode 
© Compatible with Intel 2764 


= BLOCK DIAGRAM 


\ 

As ; \ X- Memory Matrix 
Decoder 65536 bit 
{ 


(Top View) 


zz 
Lape 


as“ —_- & 


oy ee 
c 


0; 0 


vu 
2 2 
y 
ote 
dL 
A ~~ 
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HN27C64G-15, HN27C64G-20 
HC27C64G-25, HN27C64G-30 


MMODE SELECTION 


CE PGM Vep Outputs 
Mode (20) (22) (27) (1) (28) (11~13, 15~19) 
Read Vin Vin Dout 
Stand-by High Z 
Program Verify Vep Dout 
Program Inhibit Vin Vep Vcc High Z 


< I don’t care 


# ABSOLUTE MAXIMUM RATINGS 


[tem Uni 
All Input and Output Voltage* ~1.0** ~ +7.0 
Voc Voltage* Voc —0.6~ + 7.0 


pp Voltage® -0.6~ +25 
Operating Temperature Range 


Storage Temperature Range 


* With respect to GND 
**Pulse Width: 5Ons, DC: —0.5V 


® READ OPERATION 
@ DC AND OPERATING CHARACTERISTICS (7a=0~ + 70°C, Vog =5V + 10%, Vpp=Voc +0.6V) 


: 

em 

| 

an 

? 

+13 

1 © 

wv 

oa 

al al <| </ < 


Parameter Symbol [Test Conditions [min [typ [max [Unit 
Input Leakage Current Voo=5.5V,Vin=GNDtoVeo | - | - | 2 | uA 
Output Leakage Current Voco=5-5V,Vout=GNDtoVec | - | - | 2 | wA 


V pp Curent Vpp=Voo*06V oa 
Voc Current (Active) CE= Viz; Tout=9 mA a 
sed f=5MHz, Io,,,=0 mA Pe, 


fe Mb “Wa pena ume in a 

Vou | Ton=21ma 
Output Voltage Ton= —400nA 74 
*Pulse Width: 5O0ns, DC: V;; min = —0.3V 
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@ AC CHARACTERISTICS (Ta =0~ + 70°C, Voc =5V+10%, Vpp=Vec +0.6V) 


Paganicens HN27C64G-15|HN27C64G-20]HN27C64G-25|HN27C64G-30|.__. 
bol | | min | max | min | max | min | max [| min | 
ns 


OE to Output Delay [for [CE=Vin, POM Ving | 10 | 60 | 40] 10 [10 | 100 | 10 | 150 [ns 
OE High to Outpot Flatline |CE=Viz, POM=V, | 0 [30 [ 0 | 60 | 0 [90] 0-[ 1307 ne 
Address to Output Hold CE=OE=V7,, PGM=V py fo} - | of - | of - | 07 ns 
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@ CAPACITANCE (7a=25°C, f=1MHz) 


Input Capacitance I A ee 
Output Capacitance a A 
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HN27C64G-15, HN27C64G-20 


HN27C64G-25, HN27C64G-30 


® SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Time: S20ns 

Output Load: 1TTL + 100pF 
Reference Level for Measuring Timing: Input; 1V and 2V 


Output; 0.8V and 2V 


Address 


Standby Mode 


Data Out 


¥ 


=» PROGRAMMING OPERATION 


© DC PROGRAMMING CHARACTERISTICS (7a=25°C 45°C, Veo =5Vt5%, Vpp=21V +0.5V) 


Parameter 
input Leakage Current Tr | Vin=525vi04sv | - | - 
Output Low Voltage During Verify | Vor [for=21mA [| - oT si” 
Output High Voltage During Verify Vou = 


ees 


a Oa 
Ee ee 
2a 


~~ 
id 
Q 


Vcc Current (Active) 
Input Low Level Vin 
Input High Level Ving 
Vpp Supply Current Ipp 
Notes) 1. Vcc must be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 25V including overshoot. 


wl [2 
a} 


Ww 
E 


m 


p 


So 


So 


3. An influence may be had upon device reliability if the device is installed or removed while Vpp= 21V. 


4. Do not alter Vpp either Vzz to 21V or 21V to Vz, when CE=PGM=Low. 


@ AC PROGRAMMING CHARACTERISTICS (7a=25°C+5°C, Vog =5V+5%, Vpp=21V+t0 


Paramete Symbol | Test Condition [min [Wp 


Address Setup Time tas 


fa Soe eed od) 
OE Setup Time oe nS a ae 


Data Setup Time 


Address Hold Time 2 a air Oo Ee 
ae 


Data Hold Time tpH 


eee eee! 

OE to Output Float Delay a a Ee 
ry ee ee 
ee ee el 


~, 
S 
a 
E 


Vpp Setup Time 2 
PGM Pulse Width During Programming tpw 
Data Valid from OF i), ee Lan ies ee) 


HITACHI 
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5V) 


ro" 
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Unit 
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HN27C64G-15, HN27C64G-20——_____ eC a 


HN27C64G-25, HN27C64G-30 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: <20ns 
Reference Level for Measuring Timing: Input; 1V and 2V 


Output; 0.8V and 2V 


Address 


C= a} 


= ERASE 


Erasure of HN27C64 is performed by exposure to ultraviolet 
light of 2537A and all the output data are changed to “1” 
after this erasure procedure. The minimum integrated dose 
(i.e. UV intensity x exposure time) for erasure is 15W- 
sec/cm? . . 


= HIGH PERFOMANCE PROGRAMMING 


This device can be applied the High Performance Program- 
ming algorithm shown in following flowchart. This algorithm 
allows to obtain faster programming time without any 
voltage stress to the device nor deterioration in reliability of 
programmed data. 
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Ss 
SET READ MODE 
Vec =5.0£0.25V Vep= Vec +0.6V 


START 


SET PROG./VERIFY MODE 
Vep=21+0.5V Vec=6.0+0.25V 


Address=0 


Address + 1— Address 


YE 


High Performance Programming Flowchart 


HN27C64G-15, HN27C64G-20 
HN27C64G- 25, HN27C64G- 30 


® AC PROGRAMMING CHARACTERISTICS (72=25°C45°C, Voc =6V40.25V, Vpp=21V+£0.5V) 


Parameter | Symbol_| Test Condition | min | typ | max | Unit 
Address Setup Time a ee ae See ee 
OE Setup Time ee ee (ee se 
Data Setup Time Ee ee ee aed 


Address Hold Time eae aires (er os ee ee 
Data Hold Time a eee eee eee ee 
OE to Output Float Delay: ee eae ee ea 
Ver Setup Time i res ae re 
Vec Setup Time Sa Fa, (ri (ee 
ee ee 
Ea eee (ee ee 
a eee ee ae 
es a eee (ees ee 


PGM Pulse Width during Initial Program 


PGM Pulse Width during Over Program ** ms 
CE Setup Time tces HS 
Data Valid from OF ns 
Notes ) * tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


* * fury is defined as mentioned in flort chart. 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: <20ns 
Reference Level for Measuring Timing: Input; 1V and 2V 


Output; 0.8V and 2V 


Program Program Verify 


= 


= on Tel | Re all 
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HN482'°7128G-25, 
HN482'7128G-30, 
HN4827128G-45 


16384-Word x 8-bit UV Erasable and Programmable Read Only Memory 
The HN4827128 is a 16384 word by 8 bit erasable and electrically 


programmable ROM. This device is packaged in a dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 


a new pattern can then be written into the device. 


Mi FEATURES 

@ Single Power Supply ............ 0.0000 eee +5V + 5% 

@ Simple Programming ........... Program Voltage: +21V DC 
Program with One 50ms Pulse 

@ Statics: 3rd Sh ho Seow LA eee he No Clocks Required 


Inputs and Outputs TTL Compatible During Both Read and 


Program Mode. 


@ Access Time .............200000es 250ns/300ns/450ns 
®@ Absolute Max. Ratingof Vpp Pin ................ 26.5V. MPIN ARRANGEMENT 
@ Low Stand-by Current..................00.0004 35mA 
@ High Performance Programming Available 
@ Compatible with INTEL 27128 
MBLOCK DIAGRAM 
Oo~O7 


OUTPUT 
BUFFERS 


POWERDOWN & 
PROGRAM LOGIC 
Y DECODER 


X DECODER 


MIMODE SELECTION 


131072 bit 
MEMORY MATRIX 


(Top View) 


OE PGM ak Vec Outputs 
MODE ‘0 (22) (27) - (11~13, 15~19) 
Program Inhibit Vin Vpp Vec High Z 
272 
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HN4827128G-25, HN4827128G-30, HN4827128G-45 


Mi ABSOLUTE MAXIMUM RATINGS 


Item Value Unit 

Operating Temperature Range 0 to +70 Cc 
All Input and Output Voltages* V 
V 


Vcc Voltage* Vec —0.6 to +7 


* with respect to GND 


MEREAD OPERATION 
@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Vep=Vect0.6V) 


Parameter Symbol Test Conditions p max Unit 
Input Leakage Current Veo=5.25V, Viw=5.25V uA 
Output Leakage Current Veo=5.25V, Viwr=5.25V/0.45V 10 BA 
Vpp Current Vep= Vect+0.6V 5| mA 
Vec Current (Standby) CE=Vyy mA 
Vcc Current (Active) CE=OE=V;, mA 


Input Low Voltage 


Vec#l 
0.45 


Input High Voltage 


Output Low Voltage Iop=2.1mA 


Output High Voltage Vou Ton= —400uA 


| 
Lae) we] Oo 
mi llolu 
o 
—_ 
Ooiw 
o;un 


<j<[<i< 


@AC CHARACTERISTICS (Ta=0 to 70°C, Vec=5V4+5%, Vep=Vect0.6V) 


HN4827128G- 25 | HN4827128G-30 


HN4827128G-45 


3 
* 


Parameter Symbol Test Condition 


7 pared 
Address to Output Delay tacc /CE=OE=v. | — | 250 | — | 300 | — | 450 ns 
CE to Output Delay tee | OE=Vin | — | 250 | — | 300 | — | 450 | as 
OE to Output Delay toe CE=Vi, | — [| 10 | — | 12 | — | 150 | ns 


* 1 ., defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@® SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns 
Output Load: 1 TTL Gate + 100 pF 


Reference Level for Measuring Timing: Inputs; 1V and 2V 
Outputs; 0.8V and 2.0V 


Standby Mude ctive Made Standby Mode 


Data nt 


@ CAPACITANCE (Ta=25°C, f= 1 MHz) 


ce 
[eee ee 
sees ee ed 
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Parameter 


Input Capacitance 


Output Capacitance 


HN4827128G-25, HN4827128G-30, HN4827128G-45 


Mi PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5V+5%, Vep=21V+40.5V) 


eg ee 

fo AOA Sid 
ae 

eng 


ee 
a ree 
reer aaSREreriEceen rT 
(CE=PON-V.SSSC*~dSCi 


@AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5V+5%, Vep=21V 


Parameter om Test Condition 


Address Setup Time 


OE Setup Time a OR le eee ce 
Data Setup Time a ee See 


Address Hold Time 


Output Low Voltage During Verify 0.45 


Output High Voltage During Verify 
Vcc Current (Active) ls 


Input Low Level 
Input High Level 


| 
Oo 
ae 


=e 


Vpp Supply Current 


aE 
o 
on 
eS 


~ 
2) 
th 
wn 


Data Hold Time 

OE to Output Float Delay 

Vpp Setup Time 

PGM Pulse Width During Programming 


ee 
45 | 
CE Setup Time 
Data Valid from OF = | 


Note - tor defines the time at which the output achieves the open circuit condition and is, not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 


Test Condition 
Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns 
Reference Level for Measuring Timing: Input; 1V and 2V 
Output; 0.8V and 2V 


130 


~~ 
< 
n 


150 


~~ 
S 
ph 


Program Program 


Address 


A 


——e 


a 
aa ee) 


ie 


Data Data 


Valid 


fe 


Vec 


9 = 
ea] 3 

=< 

a) 

a) 


uU 
2) 
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@ ERASE 


Erasure of HN4827128 is performed by exposure 
to ultraviolet light of 2537A and all the output data 
are changed to “1” after this erasure procedure. 
The minimum integrated dose (i.e. UV intensity x 
exposure time) for erasure is 15 W-sec/cm?. 
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MEHIGH PERFORMANCE PROGRAMMING 


This device can be applied the High Performance Pro- 
gramming algorithm shown in following flow chart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


@AC PROGRAMMING CHARACTERISTICS ( Ta=25°C +5 


HN4827128G-25, HN4827128G-30, HN4827128G-45 


START 


SET PROG./VERIFY MODE 
Vep=21+0.5V Vec=6.0+0.25V 


Address=0 


NO 
Program tpw=Imst+5% 
Address + 1— Address 
S=10,11.°15 


LAST 
Address? 


YES 
SET READ MODE 
Veo =5.0+0.25V Vep= Veco +0.6V 


READ NOGO 
AIL Address PAIL 
GO 
END 
High Performance Programming Flowchart 


°C, Vec=6V+0.25V, Vep=21V+0.5V) 


OE Setup Time toes PF o2f — | =| us 
Address Hold Time tan Foo fd — | =| us 
OE to Output Float Delay* tor 0 130 ns 
Vep Setup Time t vps tH als us 
PGM Pulse Width during Initial Program ms 
PGM Pulse Width during Over Program** | tow | | 3.8 | — | 6 | ms 
CE Setup Time tces Easel a us 
* tor defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels. 
%* > topw is defined as mentioned in flow chart. 
@ SWITCHING CHARACTERISTICS Program———sy-~Program Verify 
Test Condition Address a ae 
Input Pulse Level: 0.8V to 2.2V Dae {~ datalin Stable (oath 
Input Rise and Fall Time: < 20 ns tos tou 
Reference Level for Measuring Timing: Input; 1V and 2V iin PP 
Output; 0.8V and 2V = eet] ft] | 
Veo+] 
MOO occ Fes 
Fe 
- 
PGM 
OE 
@ HITACHI 275 


HN4827128P-30————Preliminary 


16384-word x 8-bit One Time Electrically Programmable ROM 


The HN4827128P-30 is a 16384-word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN4827128P-30 are in 
the ‘1’ state (Output High). 

Data is introduced by selectively programing ‘‘0”’ into the desired 
bit locations. This device is packaged in a 28 pin, dual-in-line plastic 
package. Therefore, this device can not be re-written. 


@ FEATURES 

@ Single Power Supply. ..... +5V +5% 

@ Simple Programming ....-.- Program Voltage: +21V DC 
Program with One 50ms Pulse 

© Satie: -<25ce ay ws No Clocks Required 


@® Inputs and Outputs TTL Compatible During Both Read and 
Program Mode. 

Access Time ...-..-.-> 300ns 

Absolute Max. Rating of Vpp Pin ...... 26.5V 

Low Stand-by Current ...... 35mA 

High Performance Programming Available 

Compatible with Intel 27128 


@ BLOCK DIAGRAM 
POWERDOWN & , 
PROGRAM LOGIC OUTPUT 
BUFFERS 
Y DECODER 


(Top View) 


ah 131072 bit 
X DE MEMORY MATRIX 


MEMODE SELECTION 
CE OE PGM Veg: Vec Outputs 
MODE (20) (22) (27) (1) (28) (11~13, 15~19) 


x : Don’t care 
Note: The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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HN4827128P-30 


M@ ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range ae 0 to +70 c 


Tepe 
All Input and Output Voltages* V 


* with respect to GND 


MIREAD OPERATION 
@ DC AND OPERATING CHARACTERISTICS (7, = 0 to +70°C, Veg = 5V + 5%, Vpp = Voc + 0.6V) 


Input Leakage Current Veco=5.25V, Vin=5.25V | =| = | 20) BA 
Output Leakage Current Vec=5.25V, Viue=5.25V/0.45V | —{| — | 20) BA 
Vpp Current Vep=Vect+0.6V | =~] — | 5 mA 
Vcc Current (Standby) Tcc1 CE=Vin PF =} = | 35 mA 
Input High Voltage | 2.0 | — | Vectt| V 
Output Low Voltage Vor oL=2.1mA F o—= 1 = | 0.45] V 
Output High Voltage Vou Ton= —400uA | 24} — | =| V 


@ AC CHARACTERISTICS (T, = 0 to 70°C, Veg = SV + 5%, Vpp = Voc  0.6V) 
Parameter | Symbol 

Address to Output Delay t ae. 
CE to Output Delay 7 ie 
OE to Output Delay 
OE High to Output Float* 7 
Address to Output Hold | 

* tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Test Conditions 


WwW 
fas) 
Oo 


Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns 
Output Load: 1 TTL Gate + 100 pF 


Reference Level for Measuring Timing: Inputs; 1V and 2V 
Outputs; 0.8V and 2.0V 


Address 


Data Our Uy, 
ANN 


@ CAPACITANCE (Ta=25°C, f= 1 MHz) 


Parameter 


V..=0V 


Pee 


rR 
Ga 


Input Capacitance 


Output Capacitance 
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HN4827128P-30 


Mi PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5V1t5%, Vpp=21V+0.5V) 


Output Low Voltage During Verify Vor Hou=2-1mA—i—i‘—s—‘“‘“‘“‘i‘iw = V 
PCRS PGME Vig aoe ee 


CE=PGM= Vi, 


wo 
oO 
3 

> 


Vep Supply Current I pp 


H+ 


@AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5Vt5%, Vepp=21V+0.5V) 


~ 


~ ~ 
jo) 
is] 


Vpp Setup Time 

PGM Pulse Width During Programming 
CE Setup Time ices 
Data Valid from OE 


Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 
Test Condition 
Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns 
Reference Level for Measuring Timing: Input; 1V and 2V 
Output; 0.8V and 2V 


VS 


=> 
on 
on 
o 
on 
on 
3 

a 


Data Setup Time | 2 | — | =| HS 
ee eee 
eee eae ae eee ae gee 
De ct a Pr eg eal ree Eee 
areas (Foe ee es 


50 ns 


— 


Program Program 


Data {ae | ln’ Stable =e Data Out =) 
aera 


Valid 
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HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Pro- 
gramming algorithm shown in following flow chart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


NO 


S=10,11,°15 


HN4827128P-30 


START 


SET PROG./VERIFY MODE 
Vep=21+0.5V Vec=6.0+0.25V 


Address=0 


Program tpw=lms+5% 


Address + 1— Address 


LAST 
Address ? 


YES 
SET READ MODE 


Veo =5.0+0.25V Vep= Veco +0.6V 


READ NOGO 
All Address FAIL 
GO 
END 


High Performance Programming Flowchart 


@AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=6V+0.25V, Vep=21V+0.5V) 


OE to Output Float Delay* tor ae es ee Oe sid 
PGM Pulse Width during Initial Program t pw 0.95 | 1.0 | 1.05 | ms 
PGM Pulse Width during Over Program** t opw | 38] — | 63 | ms 
Data Valid from OE toe een Ge ee 150 ns 
* tor defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels. 
* * topwis defined as mentioned in flow chart. 
@ SWITCHING CHARACTERISTICS Program Program Verify 
Test Condition 4 
Input Pulse Level: 0.8V to 2.2V Data a 
Input Rise and Fall Time: < 20 ns 
Reference Level for Measuring Timing: Input; 1V and 2V Vep - 
Output; 0.8V and 2V er a 
he fel TT 
CE 
mine 
| 
tokE 
OE 
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HN27256G- 25, HN27256G-30 — 


32768-word x 8-bit UV Erasable and Programmable ROM 


Preliminary 

= FEATURES 
@ Single Power Supply .......... +5V + 5% 
@ High Performance Programming .. Program Voltage: +12.5V 

D.C. 

Automated Programming 

Operations 
© State ea ea eek he hee Gre Roe No Clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 
@ Access Time .............2.. HN27256G-25: 250ns(max.) 
HN27256G-30: 300ns(max.) 
@ Absolute Max. Rating of Vpp pin. . 13.0V 
Low Stand-by Current......... 40mA (stand-by) 
@ Compatible with INTEL 27256 


= PIN ARRANGEMENT 


= BLOCK DIAGRAM 


ADDRESS 


512 R512 


MEMORY MATRIY 


M- OECODER 


ADDRESS © 


Top View 
CE © 
OE O-p 
Vee 
ve De f>< fe: HIGH TERESHOLD 
‘Os INVERTER 
™@ MODE SELECTION 
ie hie | Voc Outputs 
Mode (28) CLP 13. 15 29) 
Read x Vec Dout 
Output Disable Xx Vcc High Z 
Stand by x Vcc High Z 
High Performance Program x Voce | Din 
Program Verify x Voc af Dout 
Program Inhibit Ving Ving x V pp Veco | High Z 


Note : Don’t care. cas . ; 
) x Note: The specifications of this device are subject to change without notice. 


Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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= ABSOLUTE MAXIMUM RATING 
Item 
Operating Temperature Range 


Storage Temperature Range 


HN27256G-25, HN27256G-30 


Storage Temperature Range Under Bias 


All Input and Output Voltages* 
Voltage on Pin 24 (A, )* 


Vpp Voltage* 


VocVoltage* 


* with respect to GND. 


™ READ OPERATION 


Parameter 
Input Leakage Current 
Output Leakage Current 
V pp Current 
Voc Current (Standby) 


Voc Current (Active) 


Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 


Symbol Value Unit 

Co 0 to +70 °C 

Tees ~65 to +125 °C 

je -10 to +80 oC 

Vie Ves -0.6 to +7 V 

Vig -0.6 to  +13.5 Vv 

Vis -0.6 to  +13.0 Vv 

Vice -0.6 to +7 Vv 

@ DC AND OPERATING CHARACTERISTICS (Ta=0~+70°C, Voc=5V+t5%, Vop=Voc) 

Test Conditions Typ. Unit 
Vin = 5.5 V HA 
Ippy 5 mA 
Ice. 40 mA 
Leda | 0.8 V 

ae eee ee een 

Vay low = —400 nA | = Vv 


© AC CHARACTERISTICS (7a=0~70°C, Voc=5V+5%, Vp p=Vec) 


Parameter 


Test Condition 


Symbol 


Address to Output Delay lACC CE = OF = Vy, 
CE to Output Delay (CE OE = Vy, 
OF to Output Delay 7 “t (OR ca OE = Viz 
OE High Output Float Ve tor | CES Vin 
Address to Output Hold a ton | CE=OE = Vir 


Note: 


® SWITCHING CHARACTERISTICS 
@ TEST CONDITION 

Input pulse levels: 

Input rise and fall time: 

Output load: 


Reference level for measuring timing: 


tor defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 


0.8V to 2.2V 

<20ns 

1 TTL Gate +100pF 
Inputs ;1.0V and 2.0V 
Outputs ;0.8V and 2.0V 
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HN27256G-25, HN27256G-30 


Addres ‘ 


Stand by Mode Stand ~ by Mode 


Active Mode 
tor 
Pace 


Daca Dut aa ae Data Out Valid 
Sane 


= CAPACITANCE (Ta=25°C, f=1MHz) 


Parameter 


Input Capacitance 


Output Capacitance 


= HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 


SET PROG. VERIFY MODE 
Vep=12.540.3V, Ver =6.0+0.25V 


Address =O 
Program tru =lms +5% 


NOGO 


Address+ 1-*Address 


Se ae GO 
Program top. =3n ms 


SSO. 2. 20 LAST 
Address? 


YES 


‘SET READ MODE 
Vec=Vrv=5.0V £0.25V 


READ 
All Address 


END 


High Performance Programming Flowchart 
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HN27256G-25, HN27256G-30 


= HIGH PERFORMANCE PROGRAMMING OPERATION 
@ DC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Voc=6V+40.25V, Vpp=12.5V+0.3V) 


Parameter Symbol Test Condition min. 
Input Leakage Current Thy 
Output Low Voltage During Verify Vax Io, = 2.1mA — 
Output High Voltage During Verify Vou 2.4 
Vee Current (Active) lee2 Ee eel 
Input Low Level fo 


ty max. Unit 


— (on) 

om) fl — 

jon) on jon) 
SS 


| 
jon) 
— 
jor) 
oo 
< 


Vin : 
Input High Level Vin ; 


NO 
an) 
o~ 
ie) 
+ 
— 
< 


E 
a) 
3 
> 


@ AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=6V40.25V, V + 


Parameter Symbol Test Condition min. typ. max. Unit 
ne ie 


3 
ie 
Nn 
< 
+ 
© 
\o'S) 
< 

aw 


is 


Address Setup Time es ae us 
Data Setup Time P= fe Ms 
Address Hold Time Foo f - f= LS 
OE to Output Float Delay a ae ee ns 
PGM Pulse Width During Initial Programming ee en Oe On ms 
CE Pulse Width During Overprogramming 2.85 Poe aga. | ms 
Data Valid from OE (OF a ee ns 


Notes: fopwis defined as mentioned in flow chart. 
tprp defines the time at which the output achieves the open circuit condition and data is no longer driven. 


# SWITCHING CHARACTERISTICS 

@ TEST CONDITION 

@ Input pulse level: 0.8V to 2.2V 

@ Input rise and fall time: < 20ns 

@ Reference level for measuring timing: Input ;1.0V and 2.0V Output; 0.8V and 2.0V 


Program 
Verify 


Program 


Address 


Data 


# ERASE 

Erasure of HN27256G is performed by exposure to ultraviolet light of 2537A and all the output data are 
changed to “1” after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time) 
for erasure is 15W. sec/cm?. 
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HN58064P-25,HN58064P-30, _ 


Preliminary 


HN5SOG4P-45 


8192-word x 8-bit Electrically Erasable and Programmable ROM 


@ FEATURES 

@ Single 5V Supply 

@ Address, Data, CE, OE Lathes 

@ Byte Erase/Byte Write Time...... 10ms typ. 

@ Chip Erase Time....... 20ms typ. 

@ Fast Access Time ...-..- 250/300/450ns max. 

@ Low Power Disispation....... 100mA (max) Active 


40mA (max) Standby 
@ Comforms to JEDEC Byte-Wide Standard 
@ Reliable N-channel MNOS Technology 
@ 10000 Erase/Write Cycles 


=# BLOCK DIAGRAM 


| O Buffer 
and 


Input Latch 


Buffer 
and 
Latch 


Memory \rray 


Pb. 256 


™ MODE SELECTION 


CE OE WE 1/O 
Mode (20) (22) (27) | (11~13, 15~19) 


Read Vin Vin Ving Dout 
Standby Vin x X High Z 
Byte Erase Vir Vax Vin Din = Vin 
Byte Write VIL Vin | VIL Din 

Chip Erase Vin Vit Vit Din = Ving 
Deselect VIL Vin Vin High Z 


X: Viz or Vieg 
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Address Input 
Data in/Data out 
Output Enable 
Chip Enable 
Write Enable 
Power (+S V) 
GND 

No Connect 


Note: The specifications of this device are 


subject to change without notice. 
Please contact your nearest Hitachi’s 
Sales Dept. regarding specifications. 


HN58064P-25, HN58064P-30, HN58064P-45 
™ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Value Unit 
Supply Voltage* Voc ~  ~0.3 to +7.0 V 
Input Voltage* Vin —0.3 to +7.0 V 


Storage Temperature Range - 55 to +125 *C 


* With Respect to Vgg 


@ RECOMMENDED DC OPERATING CONDITIONS 


Item Symbol min typ max Unit 
V, -0.1 ~ 0.8 Vv 
Input Voltage ee 
Vin 2.0 = Voectl Vv 


Voc Current (Standby) | foor | 


Input Low Voltage Fin [08 
Input High Voltage Viez 2.0 | = | Vectl | 


V 
V 
Output Low Voltage Ioz = 2.1mA - | - [| 04 | Vv 
V 


Output High Voltage Vou | low =—400uA 24 [| - | - | 


Parameter Symbol Test Condition min urrit 
Voc = 5.5V 

Input Leakage Current I CC" — 10 BA 
Voc =5.5V 

Output Leakage Current Into Vout= 5.5 ~0.4V — Eevee BA 


@ CAPACITANCE (7, = 25°C, f= 1MHz) 


Parameter 


Test Condition 
Vie =0V 
Vin = OV 


Input Capacitance 


Output Capacitance 


@ AC TEST CONDITIONS 


Input Pulse Levels: 0.8V to 2.0V Input 

Rise and Fall Time: < 20ns 

Output Load: 1TTL Gate + 100pF 

Reference Level for Measuring Inputs; 1V and 2V 
Timing: Outputs; 0.8V and 2.0V 
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HN58064P-25, HN58064P-30, HN58064P-45 


= AC CHARACTERISTICS (7, = 0 to 70°C, Voc = 5V + 10%) 
@® READ OPERATION 


>: HNS8064P-25 
Parameter Symbol Test Condition ; 


HNS8064P-30 | HN58064P-45 


min max 


Address to Output Delay tacc oe ee VIL 
CE to Output Delay tor ee Ve 
OE to Output Delay tor cee on 
“hades tol Outen Hold toH | Wee), Vin 
OE High to Output Float tor ae ve 
@® WAVEFORM -.-.--- READ CYCLE 


=| 2) 
7 sa 


High 


DATA Ke 


Parameter Test Condition 


min 


Address Setup Time 


Address Hold Time 


CE Setup Time 


CE Hold Time 50 
OE Setup Time 10 
OE Hold Time 50 
WE Pulse Width 8 


WE High Time 


Data Setup Time ; 


Data Hold Time 
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@ WAVEFORM 


ADDRESS 


OE 


DATA 


ERASE AND WRITE CYCLE 


Al 
£1 


tDH 


re: 


HN58064P-25, HN58064P-30, HN58064P-45 


tWEH 


@® CHIP ERASE OPERATION 
Parameter Symbol Test Condition min typ max 
CE Setup Time tcrEs 10 _ — 
CE Hold Time ae 
OF Setup Time ‘ons es 
OF Hold Time en eee 
WE Pulse Width 
Data Setup Time tos 10 Sy piles 
Data Hold Time tpH 50 — — 
WAVE FORM .-.-.-.---: CHIP ERASE 
CE 1‘ A 
OE N Z 
IWEH 
WE | 
tps tDH 
peas 
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HN58064P-25, HN58064P-30, HN58064P-45 


@ SEQUENCE OPERATION 


Parameter Symbol Test Condition min typ max Unit 
WE Setup Time twES 150 = _ ns 
WE to OE Time two 50 — — ns 
WE High Time : tWEH 500 — = ns 
@® WAVE FORM 
(Soe ee ea 


! 
i 
! 
] 
ADDRESS K vai Don’t Care : K vat X Don't Care X VALID 
t 
| 
t 


i 

' 

' 

| 
= Don'N Don't Care ! Don’t Care 
CE l 

t 

| 

! 

| 

1 

\ 

\ 


Don't Care 


BYTE ERASE WRITE 


] 
t 
| 
| 
ADDRESS VALID VALID Don't Care! VALIO Don't Care Y VALID 
t 
t 
\ 
VA 
i 
Aus 
| 
{ 
| 
| 
t 
| 


I 

| 

i 

sates Don't Care | Don't Care 
CE 


Vf ee Care Don't Care 


ae sac 


t 
| 
! 
| 
| 
| 


6 | ae ULT 
DATA (i) IN VALID IN VALID tH VALID 
‘ 
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BIPOLAR RAM 


HM10414, HM10414-1 


256-word < 1-bit Fully Decoded Random Access Memory 


The HM10414 is ECL 10K compatible, 256-word x 1-bit, read write, 
random access memory developed for high speed systems such as 
scratch pad and control/buffer storages. 
The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 
The HM10414 is encapsulated in cerdip-16pin package, compatible 
with Fairchild’s F 10414. 
@ Fully compatible with 10K ECL level 
@ Address access time: HM10414: 10ns (max.) 

HM10414-1: 8ns (max.) 
@ Write pulse width: 6ns (min.) 
@ Three chip select pins 
@ Output obtainable by wired-OR (open emitter) 


MPIN ARRANGEMENT 


MTRUTH TABLE 


Input 
= a Output Mode 
CS WE Din 


Write “1” 


all L 
all 
all L 


x ? Don’t care 


or 
- 
‘om 


* | Read out non-inverted 


MBLOCK DIAGRAM 


(Top View) 


MABSOLUTE MAXIMUM RATINGS 


Output Current mA 
Storage Temperature °C 
Storage Temperature °C 


* Under Bias 
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HM10414, HM10414-1 


M ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez = —5.2V, R.=500N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


Item Test Condition min (B) Unit 


Output Voltage Viv= Vina or Vink a mV 
Vu +25°C — 1650 


| =i |= 
+25°C ea — 1630 
Se 
se [ies [= 0 | 
+25°C a 


0 to +75°C = 220 
170 LA 


ee a 


Vone 


| Viv= Vine or Visas 


Output Threshold Voltage 


Guaranteed Input Voltage 
High for All Inputs 


Input Voltage 


Guaranteed Input Voltage 


Low for All Inputs 


rr 
| Viv = Vina 


CS 
Other 
All Input and Output Open, 


Input Current 


0 to +75°C 


Supply Current Ter 


@AC CHARACTERISTICS 
(Vee= —5.2V+5%, Ta=0 to +75 °C, air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 


HM 10414 HM 10414- 1 


Item Symbol Test Condition Unit 
; min typ max min typ 
Chip Select Access Time tack = 6 i — ns 
Chip Select Recovery Time tres Po ca 3 6 = 3 ns 
Address Access Time tas Ca 7 10 = | 6 | 8 ns 


2. WRITE MODE 


Item Symbol Test Condition min typ Unit 


Write Pulse Width Fe twsa = 2ns 6 | 4 ns 


Data Setup Time ns 
Data Hold Time ns 
Address Setup Time ns 
Address Hold Time ns 
Chip Select Setup Time ns 
Chip Select Hold Time ns 
Write Disable Time ns 

ns 


Write Recovery Time 


3. RISE/FALL TIME 


aa ec ee 
4. CAPACITANCE 
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Output Rise Time 


HM10414, HM10414-1 


MTEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITIONS 2. INPUT PULSE 
GND 
—0.9V 
80% 
20% 
27 


Rt 


t, =ty=2.0ns typ 
—2.0V 


= Ri =50Q 


Ci=30pF (includes jig and stray capacitance) 


Address 1s 50% 


e 


{44 


Dout 50% 


4. WRITE MODE 


| 
| 


SUPPLY CURRENT SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 
200 ' ’ 200 
| | | | 
! 
180 : 10 
E Cot 7 ke 
E 
a 160 < 160 
: see FE | : 
5 140 : ———— | oe 
5 | if 3 
7 120 , = ot 
| > 
! | i St. 
po 
100 i + 100 
Vee= —5.20V 
80 80 
— 20 0 20 40 60 80 100 — 5,72 — 5.20 — 4.68 
Ambient Temperature Ta .‘C} Supply Voltage Vee -V) 
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Address Access Time taa (ns) 


Chip Select Access Time tacs (ns, 


Write Pulse Width tw (ns) 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 


l 


0 


20 0 


2 


Vee == 5.20V 
| 
| | 
fi 40 60 80 \ 


Ambient Temperature Ta ('Ci 


WRITE PULSE WIDTH 


vs. AMBIENT TEMPERATURE 


40 


60 


Vee=—5.20V 


80 


Ambient Temperature Ta |‘) 


Address Access Time taa (ns) 


Chip Select Time tacs ns 


W 


Write Pulse Width tw (ns) 


100 


@ HITACHI 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 


=5.02 — 5.20 — 4.68 


Supply Voltage Vee iV: 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 


Se - 5.20 ~ 4.0% 


Supply Voltage Vee V: 


WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 


Supply Voltage Vee (V: 


HM10414, HM10414-1 
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HM2110, HM2110-1 


1024-wordx1-bit Fully Decoded Random Access Memory 


The HM2110 Series item is an ECL compatible, 1024-word x 1-bit, 
read/write, random access memory developed for application to 
scratch pads, control and buffer memories, etc. which require high 


speeds. 

@ It is compatible with 10K ECL logic. 

@ Chip select access time ......-..+.--- 10ns (max.) 

@ Address access time .......eeeeeees HM2110: 35ns (max.) 
HM2110-1: 25ns (max.) 

@ Power consumption ,...........008- 0.5mW/bit (typ) 

@ Output obtainable by Wired-OR (open emitter). 


MTRUTH TABLE 


x 


*: 


Mode 


Output 


Not Selected 


Write “0” 


a al 


Write 


: irrelevant 


Read out noninverted 


MBLOCK DIAGRAM 


32 * 32 
Memory 


Cell 


Decider 
Word Drivers 


X Address 


© Dout 


6 © 6 6 OO 


As As Ar Aa Ag 


M@ ABSOLUTE MAXMUM RATINGS 


Item HM2110 Series Unit 


Supply Voltage +0.5 to —7.0 V 


Storage Temperature —65 to +150 Cc 
Storage Temperature T-t, (Bias )* —55 to +125 st @ 


* Under Bias 
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DG - 16A 


MPIN ARRANGEMENT 


Top View 


HM2110, HM2110-1 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—5.2V, Ri=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


min(B) 
— 1000 


Item Symbol Test Condition typ max (A) Unit 
— 840 
—810 
—720 

— 1665 

— 1650 


— 1625 


0°C 
+25°C 
475°C 
0°C — 1870 
H25C — 1850 
+I5C — 1830 
oC — 1020 
+25'C — 980 
75 € — 920 


Output Voltage Vin=Vina or Vira 


3 
< 


= 
QO 


Output Threshold Voltage Vin=Vine or Vira mV 
Voue +25°C | = | 1630 
0’c —1145 — 840 
y Guaranteed Input Voltage 105°C 1105 = 
i High for All Inputs 
" Guaranteed Input Voltage 105°C 1850 = | 1475 
i Low for All Inputs 
Vin Vina 0 to +75°C | = | 220 
Input Current CS : a 170 HA 
Tin Vin=Vire 0 to +75C 
All Input and Output Open, | 0S Ta<25°C — 100 | = | 
Supply Current Tee mA 
Test Pin 8 Ta2=25°C —90 | | 


@AC CHARACTERISTICS 


(Vee=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 


1. READ MODE 


HM2110 HM2110-1 
Item Symbol Test Condition 


Chip Select Access Time tacs | 7 | w | — | 7 | 0 | ns 
Chip Select Recovery Time trcs | o7 | w | — | 7 | 1 | ns 
ee hee 


Address Access Time taa 


2. WRITE MODE 
Item Symbol Test Condition ida aa Unit 
| min typ max min typ max 
Write Pulse Width a twss—8ns pa | — | — | 3 | — | ns 
Data Setup Time twsp 


Data Hold Time 
Address Setup ime tw 


5 

5 

; : 
Address Hold Time twua | 2 a ns 
Chip Select Setup Time twscs 5 5 — ns 
Chip Select Hold Time twucs 5 — ns 


Write Disable Time tws = | 10 ns 
Write Recovery Time 


10 ns 
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~ 
= 
ro) 
aanoee © 


HM2110, HM2110-1 


3. RISE/FALL TIME 


Item 


Output Rise Time 


Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance | = 


MTEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITION 2. INPUT PULSE 
GND -0.9V 


-L7V 
t, =t =2.5ns typ 
= y Ri. =50Q 
EE Cu=30pF(includes probe and 
jig Capacitance) 
Address 50% 
baa 
' Ving 
out , 
Vina 


Vins 


tws {wr 
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Address Access Time taa (ns) 


Supply Current Ife (mA) 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 


ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta ('C) 


@ HITACHI 


Supply Current Jeg (mA) 


HM2110, HM2110-1 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


Supply Voltage Ver (V) 
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HM2112,HM2112-1 


1024-word x 1-bit Fully Decoded Random Access Memory 


The HM2112 is an ECL compatible, 1024-word x 1-bit, read/write, 
random access memory developed for application to scratch pads, 
control and buffer memories, etc. which require high speeds. 


MFEATURES 

© CCVeln ee tare eerie ek ee ee ees 10k ECL Compatible 

@ Construction .......... 00. ce ee ee eee 1024-word by 1-bit 

@ Address Access Time .............00-. HM2112 10ns (max.) 
HM2112-1 8ns (max.) 

@ Chip Select Access Time ..............c eee eaee 5ns (max.) 

@ Power Consumption ........... 000000 eee 0.8mW/bit (typ) 

@ Output Obtainable by Wired-OR (open emitter) 

@ Fully Pin Compatible with F 10415 

MTRUTH TABLE MPIN ARRANGEMENT 

Input a 


Output Mode 


WE 


O 
ee Ge 


x : Irrelevant 
* : Read out noniverted 


MBLOCK DIAGRAM 


Memory (Top View) 


n 
. 
ev 
7 
. 
= 
cc 
a 
= 


Write Drivers ay y : 
and Sense Amp 


4) 2th 

— OF ae 

Lee eG 
} 


As Ae Az Aa As 


M ABSOLUTE MAXIMUM RATINGS 


Output Current Tout p80 
Storage Temperature 
SStaraae Temperature Tste( Bias) * 


* Under Bias 
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HM2112, HM2112-1 
M ELECTRICAL CHARACTERISTICS 


(Vee=—5.2V, Ri=500N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 
@®DC CHARACTERISTICS 


Item Symbol Test Condition Unit 


=o a 
Output Voltage Vin=Vina or Vize ES mV 
er ee 
ve [=m 
Output Threshold Voltage Vin=Vine or Vira PREP OMT mV 
es eed ee 
ve [ane [= 0 
G d I Vol : 
rn [Saeed te eae | “Sees |= | 
ppieaee -_ SS ee eae 
Guaranteed Input Voltage dls tee eee 
Vie Nc cwanitstig lee | tse | as 
Input Current , CS vente | ie 4rve }—2S 170 | A 
9 ee 
aon a SSS 


@®AC CHARACTERISTICS 


(Vee=—5.2V +5%, Ta=0 to +75C, air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 
: ages HM2112-1 HM2112 sa 
em ymbo est Condition ni 
Address Access Time taa Pe AS Bo Be ee | Oe ns 
2. WRITE MODE 
. aa. HM2112 7 
em ymbo es ondaition ni 
|emin | typ | max | min | typ | max | 
Write Pulse Width tw twsa=3ns Pee fee ee Pe ee ns 
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HM 2112, HM2112-1 


3. RISE/FALL TIME 


Symbol Test Condition min 
Output Rise Time ae 
Output Fall Time 


4. CAPACITANCE 


ao 


MTEST CIRCUIT AND WAVEFORMS 


Input Capacitance 


Output Capacitance 


1. LOADING CONDITION 2. INPUT PULSE 
GND 


~0.9V 


-1.7V 


tr=ty=2.0ns typ 
0.01 uF —2.0V 
a Ri =50Q 
Vege Cr =30pF( includes probe and jig capacitance) 
Address 50% 
taa 
Dout 50% 


4. WRITE MODE 


Ses 
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lee (mA! 


Supply Current 


taa (ns) 


Address Access Time 


Chip Select Access Time tacs (ns) 


HM2112, HM2112-1 


SUPPLY CURRENT SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


Supply Current lee (mA) 


— 20 0 ry 40 50) 80 100 


Ambient Temperature fa ‘’(C. Supply Voltage Vege (V) 


ADDRESS ACCESS TIME ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


E: 
bt 
? ms 
2 
: 
5 
0 0 20 40 60 80 100 
Ambient Temperature Tg (‘C) Supply Voltage Vee (V) 
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


Chip Select Access Time tacs (ns) 


1 


0 


0 


Ambient Temperature Ta (‘C) Supply Voltage Vege (V) 
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HM2112, HM2112-1 


WRITE PULSE WIDTH WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


A — 
c n 
fis fom 
2 a 

= 
= 
3 £ 
> a 
< = 
a ao 
Es ps 
Ou. = 
: x 
a a4 
= = 

—5.72 -~5.20 — 4.68 
Ambient Temperature Ta (°C) Supply Voltage Veg (V; 
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HM10422 


256-word x 4-bit Fully Decoded Random Access Memory 
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 


The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild’s F10422. 


M@ FEATURES 

256-word x 4 bit organization. 

Fully compatible with 10K ECL level 
Address access time: 10ns (max) MPIN ARRANGEMENT 
Write pulse width: 6ns (min) 

Power dissipation: 0.8mW/bit 

Output obtainable by wired-OR (open emitter) 


(DG-24A) 


MTRUTH TABLE 


Output Mode 


3 


Dout * Read 


Notes) X : Irrelevant 
* : Read out noninvert 


MBLOCK DIAGRAM 


(Top View) 


Y-Decoder/Driver 


Memory Cell Array 
I 
256 Words X4 Bits 


ine 
uv 
> 
Lt 
j=) 
™ 
iL 
7 
3 
2 
uo 
av 
a 
' 
~< 


Block 1 Block 2 Block 4 
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HM10422 


M ABSOLUTE MAXIMUM RATINGS 


Item 
Supply Voltage 
Input Voltage 
Output Current 
Storage Temperature 
Storage Temperature 


* Under Bias 


Symbol 


Rating Unit 


v 
v 
a ane 

c 
c 


MELECTRICAL CHARACTERISTICS 
(Vee=—5.2V, R.=50N to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec) 


@DC CHARACTERISTICS 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


Vou 


Vou 


Vouc 


Voice 


pele 


Tin 


Tit 


3 Tee 


@AC CHARACTERISTICS 


1. READ MODE 


Item 


Block Select Access Time 
Block Select Recovery Time 


Address Access Time 


2. WRITE MODE 


Item 
Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Block Select Setup Time 
Block Select Hold Time 
Write Disable Time 


Write Recovery Time 


304 


Symbol 


taBs 


Symbol 


twsp 
twan 


twsa 


twssBs 


twuBs 


= 


~ 
na 


> 

> 
+) 

O;ojyan 


max (A) 
— 840 
— 810 
—720 

— 1665 

1650 

— 1625 


typ 

0°C — 1000 
+ 25°C 
+75°C 

0°C 
+25°C 
+75°C 


Vin aed Vina 
or Vie — 1870 
— 1850 


— 1830 


+ 25°C 
75 C 


— 980 
— 920 


Vin=Vine or Vira 


= = 
OQ ‘?) 


+ 25°C 
+75°C 

0°C 
+ 25°C 
+75°C 

0°C 
+25°C 
+ 75'C 
Vin=Vina 0 to +75°C 


as : 
Vin=Vire 0 to +75C 
Other 


All Input and Output Open, Ta=0°C 
Test Pin 12 Ta=75C 


— 1145 
— 1105 
— 1045 
— 1870 
— 1850 
— 1830 


Guaranteed Input Voltage 
High for All Inputs 


Guaranteed Input Voltage 
Low for All Inputs 


| 
—y 
rs 
oO 
oS 


—_ 
~_ 
Oo 


— 200 ~ 160 


Test Condition typ max 


1 


Test Condition 


3 
» 
ted 


typ 
twsa=2ns 6 


© HITACHI 


Unit 


mV 


mV 


HA 


Unit 
ns 
ns 


ns 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


3. RISE/FALL TIME 


Output Rise Time a 
Output Fall Time Se 


4. CAPACITANCE 


Input Capacitance 


HM10422 


Unit 
ns 


ns 


Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 


Vcc (GND) 


-0.9V ———— 


-1.7V l | 
Real Eee: 
tr te t)=2.0ns typ ty 
+ Ri =50Q 
Ci =30pF( includes 
probe and jig 
capacitance) 
3. READ MODE 
Address 
| 
| 
jt 44 ——_»>| 
| 
| 
Dout 


4, WRITE MODE 


tis as 
tir 
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HM10422 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 
200 
180 
160 = 
r E 
s 140 = 
> 120 = 
100 
80 
— 20 0 20 40 60 80 100 
Ambient Temperature Ta (‘C) Supply Voltage Ver (V 
ADDRESS ACCESS TIME vs. ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


g 
8 Eee 

<a 
7 


| 
6 
=20 0 20 40 60 80 100 5,72 ~5.20 — 4.68 


Address Access Time taa (ns) 
Address Access Time taa (ns) 


Ambient Temperature Ta {‘C) Supply Voltage Vee (V° 
BLOCK SELECT ACCESS TIME BLOCK SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


Block Select Access Time tass (ns) 
Block Select Access Time tass (ns) 


Ambient Temperature Ta (‘C) Supply Voltage Veg (V) 


306 @ HITACHI 


Write Pulse Width (ns) 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (‘C) 


Write Pulse Width tw( ns) 
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WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 


Supply Voltage Vege (V) 


HM10422 
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HM 10422-7 


256-word x 4-bit Fully Decoded Random Access Memory 


The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild’s F10422. 


FEATURES 

256-word x 4 bit organization 

Fully compatible with 10K ECL level 
Address access time: 7ns (max) 

Write pulse width: 4ns (min) PIN ARRANGEMENT 
Power dissipation: 1.0 mW/bit 

Output obtainable by wired-OR (open emitter) 


(DG-24A) 


MTRUTH TABLE 


Mode 


Not Selected 


call co ae Road 


Notes) X : Irrelevant 
* : Read out noninvert 


MBLOCK DIAGRAM 


Oo > 
& 
e 


(Top View) 


Y-Decoder/Driver 


Memory Cell Array 
1 
256 Words X4 Bits 


fe 
cy) 
2 
fe 
2 
~ 
Lod 
3 
rs 
ry 
a 
t 
>< 


Block 1 Block 2 Block 3 Block 4 


WEO R/W Circuit | R/W Circuit | R/W Circuit | R/W Circuit 


BS: O 

Dh oO 
DO: oO 
BS: © 
Die 

DQ: O 
BS: © 
Dis O 
DO: o 
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M ABSOLUTE MAXIMUM RATINGS 


Item 
Supply Voltage 
Input Voltage 
Output Current 
Storage Temperature 
Storage Temperature 
* Under Bias 


MM ELECTRICAL 


Symbol Rating Unit 
v 
ies eee 
mA 


Vea 

nae ok 

z 
c 


CHARACTERISTICS 


(Vee=—5.2V, R.=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 
@DC CHARACTERISTICS 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


Fasc | — 960 
+780 [200 
386 | 1850 
4186 | 1030 
0°C 
0°C 


Vou 


Vou 


Vouc 


Vin=Vina or Viza 


Votc 


as 
se [= 
[ase [ 

era 


| ore |= 1145 
Guaranteed Input Voltage 
' + 25°C — 1105 
High for All Inputs 
+75C —1045 
Ra renee eran (I 08) ree. 
uar e e 
Vin arante npu oitag +25°C r —1850 | 
Low for All Inputs 
Tia Vin=Vina Oto +75C | — | 


a 
wees 
Le 
poe 
eee 
= 
eee 
pee 
aia 
aw 
fe eee 
= 
ae 
faceees 
= 
= 
Le Jet 
een 
ee 
fee 
Poe! 


All Input and Output Open, 
E 


Test Pin 12 Ta=75C — 180 


Le] 
is] 


@AC CHARACTERISTICS 


1. READ MODE ., 


Item 
Block Select Access Time 
Block Select Recovery Time 


Address Access Time 


2. WRITE MODE 


Item 
Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Block Select Setup Time 
Block Select Hold Time 
Write Disable Time 


Write Recovery Time 


Symbol Test Condition 


tasBs =e 
tres | 
Test Condition 


twa 
twsas 
twues 
Eee nelle ete 
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Pp 


3 
raf 


ty 
typ 
3 


Symbol a 


twsp 


two 


max (A) 
— 840 


— 1650 


170 


1] ty Pe a se We | | 
om | om | m4] OO] CO] DD OD a ~“) | © 
TPN) WOLO |] — 1 & | ©] | > i) oe | = 
oO; noo colo; i anlo;!lan or ol;lo 


HM10422-7 


Unit 


mV 


mV 


mV 


LA 


Unit 
ns 
ns 


ns 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM10422-7 


3. RISE/FALL TIME 


Output Rise Time 


Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 


Vcec(GND) 


—1.7V 
tr tp t;=2.0ns typ Y 
a Ci 
0.01uF Vee —2.0V 
tt Ri =50Q 
C.=30pF (includes 
probe and jig 
capacitance) 
3. READ MODE 
BS 50%, 
| | Address 
{ | tras 
ee tance SS | 
| 80% jm———— t 44 ———_| 
Dout | 50%, | : 
| I yy 
1 | | | a Dout 
pom| — 
t- ty 
4. WRITE MODE 
BS 50%, 50%, 


Din 


WE isp twa 
tws4 twHas 
50% 
Dout 
ws as 
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HM104770, HM10470-1 


4096-word x 1-bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read 
write random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide isola- 
tion method with double metalization. 

The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild’s F10470. 


= FEATURES 
@ 4096-word x 1-bit organization 
@ Fully compatible with 10K ECL level 
@ Address access time: HM10470 25ns (max) 
HM10470-1 15ns (max) 
@ Write pulse width: HM10470 25ns (min) 
HM10470-1 15ns (min) @ PIN ARRANGEMENT 
@ Low power dissipation: 0.2mW/bit 


® Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 


Input 
Output Mode 
WE [on 


Not Selected 


Notes) X : Irrelevant 
% : Read Out Noninvert 


MBLOCK DIAGRAM (Top View) 


64X64 
Memory Cell 


u 
oe 
z 
Vv 
ae 
2 


Array 


Word Driver 


n 
” 
v 
. 
uv 
wv 
< 
~< 


Sense Amp and eS: C4 | ho TE 
Write Drivers Ps } 
@: (po WE 
e eo 
Y Address 
Decoder 1 O Din 
@ oe e ) ©) e 


ee  -  -, 


O O 
0 dou 
Gi 


O 
= 
v) 


M@ ABSOLUTE MAXIMUM RATINGS (Ta=25°) 


Storage Temperature 
Storage Temperature 


* Under Bias 


Sid|Blel< 
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HM10470, HM10470-1 


M ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez = —5.2V, R.=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


Item Test Condition min (B) Unit 


Vow 


Output Voltage Vin=Vina or Vice = mV 
Output Threshold Voltage Vin =Vins or Vira = mV 
Guaranteed Input Voltage 
High for All Inputs 
Input Voltage mV 
Guaranteed Input Voltage 
Low for All Inputs | 
Tin Vin= Vina 0 to +75°C = 220 
Input Current : 0.5 P| 170 HA 
Tin 0 to +75C 
All Input and Output Open, Ta=0°C 
Supply Current Tee —280** | —200** os A 
Ta=75C | = — | 145 — 
* HM10470 


* & HM10470-1 
@AC CHARACTERISTICS (Vez =~—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec | 


1. READ MODE 
; T ry 
HM 10470 HM10470-1 
Item Symbol Test Condition ! 
min typ max min 
‘f T 
Chip Select Access Time tacs = = 10 = 
T | =) 
Chip Select Recovery Time tres = = 10 —_ . 
+ —}—~ 
Address Access Time | taa aa 15 I 25 | sass 
2. WRITE MODE 
HM10470 HM10470-1 
Item Symbol Test Condition Pale = — on ara 7 Unit 
min ca typ max min typ max 
Write Pulse Width tw twsa=3ns 25 4 aes 15 rm | oT ns 
Data Setup Time twsp 2 ae = | 2 ae nee ns 
eal 7 ee ie 
Data Hold Time twuo P4 = = 2 <= a ns 
eee ERA ear rae ee 
Address Setup Time twsa PS Tew 3 = pF - | 3 [ -[ - | ns 
Address Hold Time twa 2 = aay 2 = oo ns 
a 
Chip Select Setup Time twscs 2 = aa Z = a ns 
Chip Select Hold Time twacs 2 = = Zz an ae ns 
Write Disable Time tws ae ~— io = aS 8 ns 
+ 


Write Recovery Time 


~ 
x 
> 
| 
| 
— 
© 
| 


= 8 ns 
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HM10470, HM10470-1 


3. RISE/FALL TIME 


a ae 

Output Fall Time | — | 
min 

hoe 

en el 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUF PULSE 


Test Circuit -0.9V 
CQ Vec(GND) 


=17V 


tr =ty=2.0ns typ 
Rr =502 
Cr=30pF( includes 
probe and jig 
J VEE Capacitance } 
Address 50% 
taa 
Dout 50% 


4. WRITE MODE 


Y, 
tWHa 
(WwSA {WwHCS 
: G 
Dout nek — — — — — —£ 50% 
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HM10470, HM10470-1 


Address Access Time taa (ns) Supply Current lee (mA) 


Chip Select Time tacs (ns) 


314 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


—20 0 20 40 60 80 


Ambient Temperature Ta (‘C) 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Vez =—5.20V 


a 
See 


5 
—20 0 20 40 60 80 


Ambient Temperature Ta (‘C) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Ambient Temperature Ta (C) 


Supply Current Ice (mA) 


Address Access Time taa (ns) 


100 


Chip Select Time tacs (ns) 
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SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
200 


180 


160 


140 


Supply Voltage Vee (V) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 


en 


HM10470- 1 
on 


Supply Voltage Veg (V) 


~ 
ie) 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 


Supply Voltage Vee (V) 


Write Pulse Width tw (ns) 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (‘C) 


Write Pulse Width tw (ns) 
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a eee 0470. 104 70-1 


WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 


—5.72 —5.20 — 4.68 


Supply Voltage Vee (V) 
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FM 104'70-20 
4096-word x 1-bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read/ i. 
write, random access memory developed for high speed systems 

such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 


The HM10470 is encapsulated in cerdip-18 pin package, compatible 
‘with Fairchild’s F 10470. 


@ FEATURES 

@ 4096-word x 1-bit organization 

Fully compatible with 10K ECL level 

Address access time: 20ns (max) 

Write pulse width: 20ns (min) 

Low power dissipation: 0.25 mW/bit 

Output obtainable by wired-OR (open emitter) 


M@ TRUTH TABLE 


Input 
Output Mode 
Cs WE 


MPIN ARRANGEMENT 


Din | 
L Dout * Read 


Notes) X : Irrelevant 
%* ‘Read Out Nonivert 


M BLOCK DIAGRAM 


(Top View) 
Ao O 
Ay C) 64 xX 64 
is) 
n & 
Az O nt 3 5 Memory Cell 
L fa) 
A3 0 2 & z Array 
As © a = 
O Dout 
A3 0 —} >» “ 


Sense Amp and ae: Ga. [ OF 
Write Drivers ae 
Sl TES a 
Y Address 
Decoder t | O Din 


\) 

@ 
a 
ioe) 


HM ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Supply: Voltage +0.5 to —7.0 V 
Input Voltage POR to: Vex v 
Output Current — 30 ; mA 
Storage Temperature —65 to +150 1G 


Storage Temperature Tt, (Bias )* =§5 tov 42125 


* Under Bias 


316 @ HITACHI 


HM10470-20 


@M ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


Supply Current mA 


eo fa 
Output Voltage Vin=Vina or Vize ee ae mV 
ve [se | 
ee | 0 f= 
ae | = 
Output Threshold Voltage Vin=Vine or Vita Re mV 
Vouc | tec | = | | ~ 1630 | 
| tec | | = | = 10608 | 
| oe | 118 | | = | 840 | 
G d 
vn | Started Une Yotae [~Fase [ manos [| ae 
se aice: | tc | 10s | | 7 | 
Guaranteed Input Voltage Se ee 
— a 
oa mn CC sia es 
|= 260 | “al a 
Lae es 


All Input and Output Open, Ta=0°C — 260 
Test Pin 12 Ta=75°C 


@AC CHARACTERISTICS (Ves=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec ) 
1, READ MODE 


Chip Select Access Time | -— | -— | 8 | ns 
Chip Select Recovery Time PF —- | = | 8 | ns 
Address Access Time fF — [| -— | 2% | ns 
2. WRITE MODE 


ns 


Data Setup Time 
Data Hold Time two 


Address Setup Time twsa 
Address Hold Time twHa 

Chip Select Setup Time twscs 

Chip Select Hold Time twucs 

Write Disable Time 

Write Recovery Time 
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ns 


ns 


ns 


ns 


ns 


ns 


~ 
> 
Ps 


ns 


i] 


ns 


HM10470-20 


3. RISE/FALL TIME 


Output Rise Time 


Output Fall Time 


4. CAPACITANCE 


est Convio Oi wi 
Pepe 
oe ee 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0.9V 
fr) Vcc(GND) 


Input Capacitance 


Output Capacitance 


-1.7V 


t =ty=2.0ns typ 
Rr =50Q 
Ci=30pF (includes 
0.01luF —2.0V probe and jig 
oe VEE capacitance) 
Address 50% 
taa 
Dout 50% 


4. WRITE MODE 


cS 


Address 
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HM2142 


4096-words x 1-bit Very High Speed Random Access Memory 


The HM2142 is 4096-words x 1-bit very high speed read/write, 
random access memory developed for high speed systems such as 
pads and control/buffer storages. 
The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM2142 is encapsulated in cerdip-20 pin package. 


BM FEATURES 
4096-words x 1 bit organization 
Very high speed address access time: 10ns (max) 


Write pulse width: 10ns (min) 
Power dissipation: 0.3 mW/bit 
Output obtainable by wired-OR 


M@ TRUTH TABLE 


mim y oy 


Notes) X : Irrelevant 


* : Read Out Nonivert 


M@ BLOCK DIAGRAM 


X Address 


64 x64 


Memory Cell 


Decoder 


i. 
a 
iz 
be 
(=) 
ao] 
tee 
° 
= 


Sense Amp and 


Write Drivers 


Y Address 
Decoder 


e 
" t~ n 
ears 


Ato © 
Ano 


LT pa Biieui 
CF ope ae, 
‘i i: 

= 


af 


e 
al 
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M PIN ARRANGEMENT 


(Top View) 
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HM2142 


M@ ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 


Supply Voltage +0.5 to —7.0 Vv 
Input Voltage +0.5 to Vee V 


Output_Current 


Storage Temperature —65 to +150 : 


Storage Temperature Ta, (Bias )* —55 to +125 


* Under Bias 


M ELECTRICAL CHARACTERISTICS 


@DC CHARACTERISTICS (Vez=—5.2V, Ri.=500N to —2.0V, Ta=0 to +75 C, air flow exceeding 2m/sec) 


a 
a 
= 


Output Voltage Vin= Vina or Vite —1870 | — | —1665 | 
+75°C | 1830 | — | —1625__ 


pee Cr S00 eee 

Vonc ae on ee ea 

Output Threshold Voltage ee pee 
Voue ee oe ee 

Pp ts’c | | = | = 1605 | 

[9c | ies |=] 00 

vn | erated Fp Wolters ae [mes [| aa 

or 
paar Vee i i | tree | 165 | — | 880 | 
V Guaranteed Input Voltage —e Se SES 
ms Low for All Inputs % 
lin Lene | 220 | 


170 


Input Current CS 
a . Tit cS Vin= Vira 0 to +75°C pH 


Ta=0°C —270 
Supply Current Tez All Input and Output Open. 2 . Bee 


@ AC CHARACTERISTICS (Ves=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 


Item Symbol 


Test Condition | min | typ 


Chip Select Access Time tacs 


Chip Select Recovery Time ircs 


—" 
So 


Address Access Time 


2. WRITE MODE 
Item Symbol 
Write Pulse Width 
Data Setup Time 
Data Hold Time 


Test Condition 


Ca 
M< 
cs 


~ 
> 
> 


Address Setup Time er NO ee I 
Address Hold Time Fo 2 | —- [| - | 
Chip Select Setup Time twscs For [| = | = | 
Chip Select Hold Time twucs == 
Write Disable Time a eae oe 
Write Recovery Time twn fF —- {[ =- | 6 | 
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Unit 


mV 


mV 


mV 


HA 


mA 


Unit 
ns 
ns 


ns 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM2142 


3. RISE/FALL TIME 


Output Rise Time 


Output Fall Time 


rr a 


Test Condition 


4. CAPACITANCE 


Item Test Condition | max Unit 
Input Capacitance a ae a pF 
Output Capacitance Cout ; [os 6| hv pF 


MTEST CIRCUIT AND WAVEFORMS 


l. 


e. 


LOADING CONDITION 2. INPUT PULSE 


Tost Circuit 
WYN 
O bec(GND) 


-1.7V 


tr=ty=2.0ns typ. 


R, =50Q 

Cr =30pF( includes 
probe and jig 
capacitance) 


READ MODE 


Address 50% 


Dout 50% 


4. WRITE MODE 


CS 
Address 
Din 
WE 
twsa tWHCs 
Dout nse EO CO Sen 50% 
tws twr 
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HM104'74,HM10474-15 


1024-word x 4-bit Fully Decoded Random Access Memory 


The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's low Capacitance, oxide 
isolation method with double metalization. 
The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild’s F 10474. 
@ FEATURES 
@ 1024-word x 4-bit organization 
@ Fully compatible with 10K ECL level 
@ Address access time: HM10474 25ns (max) 
HM10474-15 15ns (max) 
@ Write pulse width: HM10474 25ns(min) 
HM10474-15 20ns (min) 
@ Low power dissipation: O.2mW/bit 
® Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 


Input 
—— Output Mode 
WE Din 


0 
oad sat ital ec 


Notes) X : Irrelevant 
* : Read Out Nonivert 


MBLOCK DIAGRAM 


Memory Cell Array 
1024Words x 4 Bits 


X-Decoder/Driver 


Block 1 | Block 2 


ircuit {| Circuit {| Circuit | Circuit 


Ss 
Aa 


Block 3 | Block 4 


O) O 
- Lang ~ oO ag =~ - 
a 8a aS sg .a 8 


M ABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 


Output Current a mA 
Storage Temperature °C 
Storage Temperature i © 


* Under Bias 
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PIN ARRANGEMENT 


(Top View) 


HM10474, HM10474-15 


MELECTRICAL CHARACTERISTICS 
@®DC CHARACTERISTICS (Vez =—5.2V, Ri.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


Symbol 


| 1080 


max (A) 
— 840 


[ 


oe | -9e0 | = | -a10 | 
Vin= Vina or Vize a 

= | 1850 | = | ~1650 | 
| = 1830 | = | — 1625 


Vouc 


Vin=Vine or Vita 


+75°C 
a = 


Vote 


Guaranteed Input Voltage 
High for All Inputs 


Guaranteed Input Voltage 
Low for All Inputs 


All Input and Output Open, 
Test Pin 12 Ta=75C 


I 
I 


< = 
load = 


1H 
IL 
Tee 


@AC CHARACTERISTICS (Ves =—5.2V +5%, Ta=0 to +75C, air flow exceeding 2m/sec) 


1. READ MODE 


Item 


Chip Select Access Time 
Chip Select Recovery Time 


Address Access Time 


2. WRITE MODE 


Item 


Write Pulse Width 
Data Setup Time 
Data Hold Time 
SAdarees Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time 


Write Recovery Time 


Symbol Test Condition 


lacs 


Urcs 


ee 
> 
> 


HM10474-15 


Symbol Test Condition 


twsa=3ns 


pod 
jem] 
r-S 
~~ 
pe 
A 
< 
: 


twsp 


se 


~~ oo ~ 

5 & |s 
a > 
n 


pamea 
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HM10474 HM10474-15 


Unit 


mV 


mV 


mV 


KA 
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HM10474, HM10474-15 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 50.9V —— 
O Vcc(GND) 


-1.7V 


| 
| 
| 
| 
| 
| 


Ri il CL t.-=t;~2.0ns 


O 
—2.0V Rr=50Q 
ne VEE Ci=30pF (includes 
probe and jig 
capacitance) 


Address 


Dout 


50% 


Address 


Dout i 
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lee (mA) 


Supply Current 


taa (ns) 


Address Access Time 


Chip Select Access Time tacs (ns) 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (‘C) 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Ambient Temperature Ta (‘C) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Ambient Temperature Ta (‘C) 


Supply Current Jee (mA) 


Address Access Time taa (ns) 


Chip Select Access Time tacs (ns) 
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HM10474, HM10474-15 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


Supply Voltage Vee (V) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 


Supply Voltage Vee (V) 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 


Supply Voltage Vee (V) 
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HM10474, HM10474-15 


WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Write Pulse Width tw (ns) 
Write Pulse Width tw (ns) 


Ambient Temperature Ta (°C) Supply Voltage Vee (V) 
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HM10474-8,HM10474-10 _ Preliminary 


1024-word X 4-bit Fully Decoded Random Access Memory 


The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 
The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild’s F10474. 
B FEATURES 
@ 1024-word x 4-bit organization 
@ Fully compatible with 10K ECL level 
@ Address access time: HM10474-8 8ns (max) 

HM10474-10 10ns (max) 


@ Write pulse width: HM10474-8 5ns (min) (DG-244) 
HM10474-10 5ns (min) 
@ Low power dissipation: O.3mW/bit MPIN ARRANGEMENT 


@ Output obtainable by wired-OR (open emitter) 
MTRUTH TABLE 


Input 
— Output Mode 
[we [om 


Not Selected 


ae a Oe inne NE “a 


Write “1” 
Read 


Notes) X : Irrelevant 
* > Read Out Nonivert 


MBLOCK DIAGRAM 


(Top View) 


Memory Cell Array 
1024Words x 4 Bits 


X-Decoder/Driver 


Block 2 


Block 3 


Sf ele leila 
ircuit Circuit {| Circuit {| Circuit 


O 
a 


Block 4 


M@ ABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 


= — ens = The specifications of this device are 
Supply Voltage +0.5 to ~7.0 subject to change without notice. 
Input Voltage Via +0.5 to Vee Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 
Storage Temperature —65 to +150 
Storage Temperature Tat, (Bias) * —55 to +125 


%* Under Bias 


Sa) eel 
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HM10474-8, HM10474-10 


MELECTRICAL CHARACTERISTICS 


@DC CHARACTERISTICS (Vez =—5.2V, Ri.=50N to —2.0V, Ta~0 to +75°C, air flow exceeding 2m/sec) 


oO 
Q) 


+25'C 
+75°C 

0°C 
+25°C 
+75°C 


Output Voltage Vin=Vina or Vire 


+25°C 
+75°C 


Vouc 


° ° 
bh =x 


Output Threshold Voltage Vin=Vius or Vira 


Vorc +25°C 
+ 75°C 


Guaranteed Input Voltage 
High for All Inputs 


+ 25°C 
+75°C 


Input Voltage 
p g 0°C 


Guaranteed Input Voltage 


+ 25°C 
Low for All Inputs 
+75°C 
Input Current : 
Ti Vin=Vire 0 to +75C 


_ bone 
™ é x 


Others 


All Input and Output Open, Ta=0°C 


Supply Current 
ciianeaa Test Pin 12 Ta=75°C 


= d 
Q 


= 
‘o) 


°o 
:?) 


— 1105 


— 240 


— 1870 
— 1850 


— 980 


| 
— 
co 
a 
So 


— 


typ 


~ 220 
— 205 


max (A) 
— 840 
—810 
—720 


— 1650 
— 1625 


— 1630 


— 840 


—810 


—~ 720 


— 1475 


— 
~~ 


@AC CHARACTERISTICS (Vez =—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 


1. READ MODE 
HM10474-8 
Item Symbol Test Condition amar 
typ 
Chip Select Access Time | tus | | TC 
Chip Select Recovery Time | tes | | | 


Address Access Time 


2. WRITE MODE 


— 
ja) 
cs 
~J 
=~ 


HM 
Item Symbol Test Condition 
typ 


Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 


twsa = 2ns 


~ ~ 
3 & 
> S 


Chip Select Setup Time twscs 
Chip Select Hold Time twics 
Write Disable Time 


~ 
& 
ele 


Write Recovery Time 
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LS) 


le <) 


ow 
w< 


HM10474-10 


HM10474-10 


min | tye 


— 
Le) 


e|t 


Unit 


mV 


mV 


mV 


HA 


Unit 


ns 


HM10474-8, HM10474-10 


3. RISE/FALL TIME 


Output Rise Time 


Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit = O.9V wee 
© Vcc(GND) 


—1.7V 


t,=t;~2.0ns 


Ri i 


—2.0V Ri =50Q 

V. 

ae rr Cr=30pF (includes 
probe and jig 


capacitance) 


Address 


Dout 


4. WRITE MODE 


CS 


Address 


Dout 
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HM10480,HM10480F 


16,384-words x 1-bit Fully Decoded Random Access Memory 


The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin © 
package, compatible with Fairchild’s F 10480. 


HM10480 


M@ FEATURES 

® 16,384-words x 1-bit organization 

® Fully compatible with 10K ECL level HM10480F 
@ Address access time: 25ns (max) 

@ Write pulse width: 25ns(min) 

@ Low power dissipation: 0.05mW/bit 

@ Output obtainable by wired-OR (open emitter) 


METRUTH TABLE 


Input 
—— Output Mode 
WE 


oa 


Notes) X : Irrelevant 
* : Read Out Noninvert 


MIBLOCK DIAGRAM 


128 X 128 
Memory Cell 


Word Driver 


Array 


Ato , > 
' O Dout 

As Q , 

As © i —s 
Sense Amp. &: “ai: S 
Write Drivers =|) ai 
CE] pe 

.) 
Y-Address Decoder 
“ai: Din 


MABSOLUTE MAXIMUM RATINGS ( Ta= 25°C ) 


Supply Voltage +0.5 to —7.0 V 
Input Voltage +0.5 to Vee V 


Output Current mA 


ie crete al 
Storage Temperature Tats —65 to +150 °C 
Storage Temperature T:1,( Bias) * —55 to +125 zo 


* Under Bias 


fu 
® 
8 
oO 
ov 
(j=) 
a 
n 
og 
fa 
wo 
~ 
<x 
ss 


(Top View) 
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MELECTRICAL CHARACTERISTICS 


HM10480, HM10480F 


@DC CHARACTERISTICS (Vez =—5.2V, Ri=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


oC — 1000 = — 840 


o9'G —810 
+75°C —720 

0°C — 1665 
+25°C — 1650 
+75°C 

0°C 
+ 25°C 


Vou 


Output Voltage Vin=Vina or Vite 
— 1870 


— 1850 


— 1020 
— 980 


Vouc 


Be 
<) 
é 


Input Current 170 


Output Threshold Voltage Vin=Vine or Vita : 
Guaranteed Input Voltage : 
Vin by . tac | -1105 | — | —810 
High for All Inputs 
nput Voltage 
Guaranteed Input Voltage : 
V +25°C — 1475 
Tee ote ee eto ee 
Tin Vin = Vina 0 to +75°C 


Eee 
oe 
Ti Vin=Vixs 0 to +75°C —- 


Since ; ; All Input and Output Open, Ta=0°C 
u urre 


@AC CHARACTERISTICS (Vez =—5.2V +5%, Ta=0 to +75C, air flow exceeding 2m/sec) 
1. READ MODE 


Chip Select Access Time 2 
Chip Select Recovery Time 
Address Access Time taa 


2. WRITE MODE 


BI 
1?) 


- 


y 


- 


yp 


Data Setup Time 


Address Hold Time 


Chip Select Setup Time twscs 


Chip Select Hold Time 
Write Disable Time | tws | 


Write Recovery Time 


€@ HITACHI 


Unit 


mV 


mV 


KA 


Unit 
ns 
ns 


ns 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM10480, HM10480F 


3. RISE/FALL TIME 


Output Rise Time 


Li 
Output Fall Time ae 
ae 


4. CAPACITANCE 


Saba 
Input Capacitance 

Output Capacitance 

MTEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. 


Test Circuit -0.9V 
© Vcc(GND) 


-1.7V 


t,=t;—2.0ns 


Ri al CL 


O 
—2.0V Ri=50Q 
ae uF Cr =30pF (includes 


probe and jig 
capacitance) 


Address 


Dout 


Cs 50% 50% 


Address 


Dout 
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HM10480-15,HM10480-20- Preliminary 


16,384-words X< 1-bit Fully Decoded Random Access Memory 


The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10480 is encapsulated in cerdip-20 pin package, compatible 
with Fairchild’s F10480. 


M@ FEATURES 

@ 16,384-words x 1-bit organization 

@ Fully compatible with 10K ECL level 

@ Address access time: HM10480-15 15ns (max) 
HM10480-20 20ns (max) 

@ Write pulse width: HM10480-15 15ns (min) 
HM10480-20 20ns (min) 

® Low power dissipation: O.06mW/bit 

@ Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 


Input 7 “e 
== ee tput 
CS WE wide eee 


foe | 


Notes) X : Irrelevant 
* > Read Out Noninvert 


MIBLOCK DIAGRAM 


128 X 128 
Memory Cell 


Word Driver 


Array 


bee 
vy 
8 
i>) 
@ 
a 
o7] 
na 
m 
fae 
a] 
ia] 
< 
i) 
>» 


Sense Amp. 
Write Drivers 


MABSOLUTE MAXIMUM RATINGS ( Ta=25'C ) 


Output Current Tout F380 | mA 
Storage Temperature Tig 
Storage Temperature T..,(Bias)* s 


* Under Bias 


@ HITACHI 


(DG-20) 


PIN ARRANGEMENT 


(Top View) 


Note) 

The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 
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HM10480-15, HM10480-20 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—5.2V, Rr=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


ee [00 [P80 
Output Voltage Vin=Vina or Vis Pe ee ee mV 
rs [ia [| aes 
ee [=e [= | 
Output Threshold Voltage Vin =Vine or Vira —S mV 
ae a NR EF 
+75°C | = | = | = 1608 | 1605 
reer en Ret ee 
uarantee nput Voltage . 
re | a06 [|r 
mee are oc | =e [| = | = | ™ 
Guaranteed Input Voltage = 
ie [ian foe we PP 
All Input and Output Open, Ta=0C — 220 p= | e 
Supply Current Tee Test Pin 10 Ta=75°C fo 900 Py 


@AC CHARACTERISTICS (Ver =—5.2V +5%, Ta=0 to +75C, air flow exceeding 2m/sec) 
1. READ MODE 


Symbol Test Condition 


Chip Select Access Time lacs 
rcs 


LAA 


Chip Select Recovery Time 


Address Access Time 


2. WRITE MODE 


Item Symbol Test Condition 

Write Pulse Width tw twsa=2ns 

Data Setup Time 

Data Hold Time 

Address Setup Time tw= tw min 

Address Hold Time 

Chip Select Setup Time 

Chip Select Hold Time 
‘Write Disable Time tws 

Write Recovery Time twrR 
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HM10480-15, HM10480-20 


3. RISE/FALL TIME 


Output Fall Time 


4. CAPACITANCE 


Output Rise Time a 


Input Capacitance 


Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0.9V —~— —— ~~~ 
O Vcc(GND) 


=17V 


t,-~t)=2.0ns 


—2.0V Ri =50Q 
V 
ae or Ci=30pF (includes 


probe and jig 
capacitance) 


Address 


Dout 


4. WRITE MODE 


Address 


Dout 
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HM10484-15,HM10484-20°-— 


4096-word x 4-bit Fully Decoded Random Access Memory Under Development 


The HM10484 is ECL 10K compatible, 4096 words x 4-bit read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storage. The fabrication process is 
the Hitachi’s low capacitance U-groove isolation method with double 
metalization. The HM10484 is encapsulated in cerdip-28 pin pack- 


age. 
MTRUTH TABLE 


Mode 


Not Selected (DG-28A) 


Output 
: L L Write “0” 
ee as = PIN ARRANGEMENT 
| Dout* 


Write “1” 
Read 


Notes) X : Irrelevant 
* : Read Out Nonivert 


=™ BLOCK DIAGRAM 


O O e 
Y-Decoder Driver 


Memory Cell Array 
4096words x 4dbits 
Block 1} Block 2? | Block 3 | Block 4 


oe 6 ee eee 6 
Cireutt Circuit Circuit Circuit 


O 
=~ 


X- Decoder/ Driver 


© 
> 
~ 


Dis e 
DO, 


= 


Dik 
DO, 


(Top View) 


M ABSOLUTE MAXIMUM RATINGS (Ta=25° ) 


Input Voltage Vie V 
Output Current a a mA 
Storage Temperature °C 
Storage Temperature °C 


* Under Bias 
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HM10484-15, HM10484-20 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vee=—5.2V, Rr=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


a a 
Output Voltage Vin=Vina or Vira I mV 
| +7sc | -1830 | — | —1625 | 
ee cs ee 
Output Threshold Voltage Vin@ Vina or Viza ES mV 
oe ae ee ee 
uarantee nput Voltage ; 
Vie We aire | tase | -u0s | — [| —810 
[re aos P= re 
cilia Pvc | = 1870 [= | - 190 | 
Guaranteed Input Voltage : 
Me Te aids | #esrc | -1850 | | - 1475 | 
| +7src | -1830 | — | 1480 | 
7 7 Te 
Input Current ; cs . ey 3 ere | 08 | — {| 170 | HA 
; All Input and Output Open, | Tamo'c | -240 | = | =| 


@AC CHARACTERISTICS (Ves=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 


oe me 
r@) es O 10) ni 

min [we [max [min | typ | max 
Chip Steck Access Time cee ae eo 
Address Access Time Ts fe pis fs fe | [os 


2. WRITE MODE 


: ee 

oe a | min | | typ | | max | | min | typ | | max | 7 
Write Pulse Width ee eee ees 00) ae ce ee ee 
Data Setup Time Papo p=]s f= [-[ 
Data Hold Time ee 
Address Setup Time twsa tw = tw min | 3 { - | - | 3 | - [ - | ns 
Address Hold Time Papo y=fef- [= [os 
Chip Select Setup Time Se oat Se ceed a 
Chip Select Hold Time Pe p= —=|2[-[= [ss 
Write Disable Time Pe EES : 
Write Recovery Time a a 
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HM10484-15, HM10484-20 


3. RISE/FALL TIME 


Output Rise Time | — | 2 | | 2 | = | ns 
Output Fall Time | a SS | 2 | = | ns 


4, CAPACITANCE 


“yet [Tent Gondnion de |e | 
pS ESS 

ee a 

MTEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit B06) scat soa os 
© Vcc(GND) 


Input Capacitance 


Output Capacitance 


-1.7V 


t.=t;=2.0ns 


—2.0V Ri =50Q 
na yee C.r=30pF (includes 
probe and jig 


capacitance) 


Address 


Dour 


4. WRITE MODE 


as 50% 50% 


Address 
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HM100415,HM100415CC 


1024-word x 1-bit Fully Decoded Random Access Memory 

The HM100415 is a 1024-word x 1-bit, read/write random access HM100415 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 

The HM100415 is compatible with the HD100K families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This memory is encapsulated in cerdip-16pin 
package. 


MFEATURES 

@ AGVE)! 25:6. hel oe e wes Hike baw ee es 100K ECL Compatible 

@ Organization ......... ccc eee eee ee 1024-word by 1-bit 

@ Address Access Time .........c ccc cece eevccee 10ns (max) 

@ Chip Select Access Time ............cc0cceeees 5ns (max.) HM100415CC 
@ Power Consumption ...............0ce00% 0.6mW/bit (typ) 

e Output Obtainable by Wired-OR (open emitter) 

@ Compatible with Fairchild F 100415. 


MTRUTH TABLE 


Input 
=— Mode 


Notes) : ea Stare | PIN ARRANGEMENT 
@®HM100415 


MBLOCK DIAGRAM 


Decoder 


v. 
“ 
t 

< 

2 

~< 


X Address 
Decoder 


As As Ar As 


(Top View) 
M@ABSOLUTE MAXIMUM RATINGS (Ta=25C ) @®HM100415CC 


DY 


Storage Tempe:ature 
Storage Temperature 


* Under Bias 


Sid lklele 


1} () § 
cc NC Dout Ao 
(Top View) 
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HM100415,HM100415CC 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—4.5V, Ri=50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


ae ~ 1025 | 955. | —g30 | mV 
Output Voltage Vie=Vina or Vizs 
Vo — 1810 —1620 | mV 


Vouc 
Voic 


Output Threshold Voltage Vin= Vine or Vira 


mV 
— 880 mV 
— 1475 mV 


~ 
=z 


Guaranteed Input Voltage 


Input Voltage | = 65 
Vii High/Low for All Inputs —1810 


KA 


Input Current 170 


Tin KA 
Others | = | 

Supply Current All Inputs and Outputs Open ) 150 |  — | ma 
@AC CHARACTERISTICS (Vee = —4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec ) 
1. READ MODE 
Chip Select Access Time fF — | 3 | os | ns 
Chip Select Recovery Time | — | 3 | s | ns 
Address Access Time taa 10 ns 
2. WRITE MODE i 

Item Symbol Test Condition typ Unit 


ns 


Write Pulse Width 
Data Setup Time twsp ns 
ns 


Data Hold Time 


Address Setup Time ns 


min 
ae eo 
tus ce) 
ten 2 | 
Pte [eos 
Address Hold Time | twa eee ns 
Chip Select Setup Time Ss ns 
Chip Select Hold Time we | ns 
Write Disable Time | tw | Fo | 
pte oe 
[Symbol | min 
a aa 
pe Cu] 


ns 


Write Recovery Time ns 


3. RISE/FALL TIME 


Test Condition 


Symbol Test Condition 


Output Rise Time 


Output Fall Time 


4. CAPACITANCE 


Input Capacitance Cis 


Output Capacitance Cour 
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MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 
Q Vcc(GND) 


Ri Ch 
i 
O 
0.01luF Veg —2.0V Rir=50Q 
ae Cr=30pF (includes 
probe and jig 


capacitance) 


4. WRITE MODE 


cs 50% 


Address 50 


tws 


HM100415,HM100415CC 


2. INPUT PULSE 


-0.9V 


—1.7V 


te = ty =2.0ns typ 


Address 50% 
taa 


Dout . 50% 
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HM100422,HM100422F 
HM100422CC 


256-word x 4-bit Fully Decoded Random Access Memory | HM100422 
The HM100422 is ECL 100K compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and control/buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild’s F 100422. 


M FEATURES 
@ 256-word x 4-bit organization 


Fully compatible with 100K ECL level 
Address access time: 10ns (max.) 

Minimum write pulse width: 6ns (min.) 

Low power dissipation: 0.8mW/bit 

Output obtainable by wired-OR (open emitter) 


HM100422CC 


MTRUTH TABLE 


Input 
aanain Mode 
BS WE | Din | MI PIN ARRANGEMENT 
H x Not Selected @®HM100422 


Notes)  : Irrelevant 
* : Read Out Noninvert 


MBLOCK DIAGRAM ms Ar 


Y-Decoder/Driver 


(Top View) 


@HM100422F 


Az At Ae tee AD os 


Ao © 


Memory Cell Array 
256 Words X4 Bits 


Lad 
a 
= 
ti 
(=) 
~ 
bo 
3 
ra) 
oe 
f=) 
4 
~< 


A; 
(Top View) 


@®HM100422C 


A, © 
Block 3 


R/W Circuit |} R/W Circuit | R/W Circuit ] R/W Circuit 
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——HM100422,HM100422F,HM100422CC 


M ABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 


Item 
Supply Voltage 
Input Voltage 
Output Current 
Storage Temperature 
Storage Temperature 


* Under Bias 


Symbol Rating Unit 


m 
z 


Tot, (Bias )* —55 to +125 °C 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vee = —4.5V, Ri =50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


Vin Guaranteed Input Voltage — 880 
Vi High/Low for All Inputs | = | 1475 
Tit Vine= Vine = 9.5 | ii 
Tee All Inputs and Outputs Open — 200 — 165 er 


@AC CHARACTERISTICS (Vee =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 


1. READ MODE 


Item 


Block Select Access Time 


Block Select Recovery Time 


Address Access Time 


2. WRITE MODE 


Item 
Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Block Select Setup Time 
Block Select Hold Time 
Write Disable Time 


Write Recovery Time 


3. RISE/FALL TIME 


Item 
Output Rise Time 
Output Fall Time 


4, CAPACITANCE 


Input Capacitance 


Output Capacitance 


- 
<< 
no] 


oT 


- 
« << 


\< 
Bo) 


o 


© HITACHI 


Unit 
mV 
mV 
mV 
mV 
mV 
mV 
MA 


KA 


mA 


Unit 
ns 
ns 


ns 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM100422,HM100422F,HM100422CC 


MTEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITION 39. INPUT PULSE 
Test Circuit 
O Vcc(GND) -0.9¥ ——— — 


20% 


| 

| 

= | 
1.7V | 


ty 


zt 


t,=t;™2.0ns typ 


a Ri =50Q 


Ci =30pF( includes 
probe and jig 
capacitance ) 


4. WRITE MODE 


Din 


Wr. 


Deout 
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HM1004'70 


4096-word X1-bit Fully Decoded Random Access Memory 
The HM100470 is a 4096-words x 1-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control buffer storages. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100470 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-18pin 
package, compatible with Fairchild’s F 100470. 


M@ FEATURES 

@ 4096-word x 1-bit organization 

@ Full compatible with 100K ECL level 
@ Address access time: 25ns(max) 
@ Write pulse width: 25ns (min) MPIN ARRANGEMENT 
@ Output obtainable by wired-OR (open emitter) 
MTRUTH TABLE 


Input 
Mode 
a 


Notes) X : Irrelevant 
* : Read Out Nonivert 


MBLOCK DIAGRAM 


(Top View) 


64X64 


Memory Cell 


we 
7 
z 
w 
v 
~ 


Word Driver 


a) 
“ 
ey 
. 

— 

as] 

< 
=< 


—} » O Pout 


Sense Amp and a: Cy ; “i 
Write Drivers ee 
el pe 
Y Address 
Decoder i O Din 


M ABSOLUTE MAXIMUM RATINGS (Ta=25C ) 


Item Rating Unit 
Output Current a pa SS mA 
Storage Temperature a 
Storage Temperature °C 


* Under Bias 
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HM100470 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vee = —4.5V, Ri=50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


Output Voltage Vin=Vina or Virs 
—1810 | 1715 | —1620 | mv 
Output Threshold Voltage Vin=Vinge or Vis 
Guaranteed Input Voltage mV 


High/Low for All Inputs mV 


Input Voltage 


HA 


Input Current 
LMA 


Supply Current All Inputs and Outputs Open me mA 


@AC CHARACTERISTICS (Vez =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 


~1. READ MODE 
Item Test Condition min typ max Unit 
Chip Select Recovery Time rcs Reems a ae ns 
Address Access Time taa [| = | 8 | ns 
2. WRITE MODE 
Item Symbol Test Condition min typ max | Unit 
Write Pulse Width tw Was = 3ns Lee, ed ns 
Address Setup Time tw =: tw min |. Se ee a ns 
Chip Select Hold Time 2 PF - [ - | ons 


3. RISE/FALL TIME 


Output Rise Time 


Output Fall Time 


4. CAPACITANCE 


Item 


Input Capacitance 


Test Condition 
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Output Capacitance 


HM100470 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


T est Circuit 
> Vec(GND) a 


-1.7V 


te =t;=2.0ns typ 


O 
Vix —2.0V Rr=50Q . 
Ci =30pF (includes 


probe and jig 
capacitance) 


Address 50%, 
taa 


Dout 50%, 


4. WRITE MODE 


cS ON ahs as oc tn tee re dy a iat ne Er as a a he AN a os Nw 


eS 
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HM100474,HM100474-15 
HM100474F,HM100474F-15 


1024-word < 4-bit Fully Decoded Random Access Memory 
The HM100474 is a 1024-words x 4-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control/buffer storages. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100474 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-24-pin and 
flat 24pin package, compatible with Fairchild’s F 100474. 


HM100474, HM100474-15 


(DG-24A) 
@ FEATURES 
@ 1024-word x 4-bit organization 
@ Fully compatible with 100K ECL level 
@ Address access time: HM100474/F 25ns(max) 
HM 100474/F-15 15ns(max) 
@ Write pulse width: HM100474/F 25ns(min) 
HM100474/F-15 20ns(min) 
© Output obtainble by wired-OR (open emitter) 


HM100474F, HM100474F-15 


MTRUTH TABLE 


Input 


oma oe PIN ARRANGEMENT 
Not Selected @HM100474,HM100474-15 


Notes) X : Irrelevant 
* : Read Out Nonivert 


MBLOCK DIAGRAM a 


Memory Cell Array 
1024Words x 4 Bits 


o 
me 
bee 
a 
~ 
Lo 
Cy 
8 
3 
0 
=< 


(Top View) 


@HM100474F, HM100474F-15 


Ag sAs Ar Vege Ase NC 


Dh o 


M ABSOLUTE MAXIMUM RATINGS (Ta=25° ) 


Output Current ae ao mA 
Storage Temperature —65 to +150 “Cc 
Storage Temperature —55 to +125 


* U 
nder Bias DO: DOz2 Vee Weea DOs DOs 
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HM100474,HM100474-15,HM100474F ,HM100474F-15 


M ELECTRICAL CHARACTERISTICS 


@®DC CHARACTERISTICS (Vez =—4.5V, Ri=50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


—_ 


in(B) typ max (A 
— 1025 — 880 
— 1620 


3 
3 


Vou 
Output Voltage Vin= Vina or Vira 


< 
io) 
rt 


— 1810 - 1715 

Vouc 
Output Threshold Voltage Vin= Vins or Vita 
Votc — 1610 
— 880 


— 1475 


Ss 
=z 


—1165 


Guaranteed Input Voltage 
High/Low for All Inputs 


Input Voltage 


~ 
= 


Tin Vin= Vive 


Supply Current Tee All Inputs and Outputs Open 


ps 
~] 
fo) 


k | 


@AC CHARACTERISTICS (Ves =—4.5V +5%, Ta=0 to +85C, air flow exceeding 2m/sec) 


1. READ MODE 
| Sm 5 HM100474/F 
Item Symbol Test Condition 
Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time taa 
2. WRITE MODE 
Item Symbol 
Write Pulse Width pte 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip: Select Setup Time 
Chip Select Hold Time 
Write Disable Time 
Write Recovery Time twa | 


3. RISE/FALL TIME 


Output Rise Time 


~ 
~ 


Output Fall Time 


4. CAPACITANCE 


Unit 
mV 


Unit 


ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 


ns 


ns 


Input Capacitance Ce 
Output Capacitance Cour 
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349 


HM100474,HM100474-15,HM100474F,HM100474F-15 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 


© Vcc(GND) 


Rt GE i 
| tr=tys=2.5ns 


O 
Ver -2.0V  Rr=500_— 
Cr=30pF (includes 


probe and jig 
capacitance) 


Address 50% 


Ar 


Dout 50% 


4. WRITE MODE 


Cs 50% 50% 


Address 


509 
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Address Access Time taa (ns) Supply Current fee (mA) 


Chip Select Access Time tacs (ns) 


HM100474,HM100474-15,HM100474F,HM100474F-15 


SUPPLY CURRENT vs. . SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


< 
5 
3 
Vee=—4.50V 
- 20 0 20 40 60 80 100 
Ambient Temperature Ta (C! Supply Voltage Vee (V) 
ADDRESS ACCESS TIME ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 
E 
= 
é 
2 
Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
CHIP SELECT ACCESS TIME CHIP SELECT AGCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


Chip Select Access Time tacs (ns) 


Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
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HM100474,HM100474-15,HM100474F,HM100474F-15 


WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Write Pulse Width tw (ns) 
Write Pulse Width tw (ns) 


Ambient Temperature Ta (°C) Supply Voltage Vee (V) 


352 @ HITACHI 


HM10484-15, HM10484-20 


MELECTRICAL CHARACTERISTICS 
@®DC CHARACTERISTICS (Vee=—5.2V, Ri=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


E1000 200 
Output Voltage Vin=Vina or Vins 47s | 900 [= [720 | mV 
[ie | 
asc isso =] 28 
ee | =t0 = 
Output Threshold Voltage Vin=Vine or Vita a mV 
Te | ee 
ES ee 
Guaranteed Input Voltage eae es 
ae High for All Inputs ier ce ea 
a | #7 | -tos |= [a0 | 
[6 [=a | = [a0 J 
; Guaranteed Input Voltage | teste | —1850 | — | —1a75 
= Low for All Inputs 
[486 | uns [=] 507 
in [Varn ide ese | 
pense on, ‘Ni eee ae 
Tee 


Ta =0°C 


|= 240 
Ta=75C | — 


Test Pin 10 


All Input and Output Open, 
Supply Current 


| 
) 
e 
o 


@AC CHARACTERISTICS (Ves =—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 


; ee HM10484-15 HM10484-20 i 
= i i ee 
Chip Select Access Time acs a a 
Chip Select Recovery Time tees tee ete ee eo] ns 
Address Access Time rz 3 Pe Tass fas [0 [os 
2. WRITE MODE 
tem ymbDo es onaition : nl 
min [typ [ max | min | wp | max 
Data Setup Time poke ose am 
Data Hold Time a a ee ce 
Address Setup Time Pisa [ femtemin [3s | - | - [3 | >] = pons 
Address Hold Time oe ee oe oe ee oe 
Chip Select Setup Time 2 es ee 
Chip Select Hold Time a ee 
Write Disable Time a ee 
Write Recovery Time C= = ar = = Ts 
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HM10484-15, HM10484-20 


3. RISE/FALL TIME 


4, CAPACITANCE 


Input Capacitance 


Output Capacitance 


WTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0.9V 
O Vcc(GND) 


-1.7V 


Ci t,—l,=2.0ns 


” 


—2.0V Rr =50Q 
V 
ae re Cr=30pF (includes 
probe and jig 


capacitance) 


Address 


Dout 


cs 50% 50% 


Address 
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HM100415,HM100415CC~ 


1024-word xX 1-bit Fully Decoded Random Access Memory 

The HM100415 is a 1024-word x 1-bit, read/write random access HM 100415 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 

The HM100415 is compatible with the HD100K families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This memory is encapsulated in cerdip-16pin 
package. 


M@ FEATURES 

@ Levels 4.55540 4c0 Sia olesatote ene 100K ECL Compatible 

@ Organization: «bcc uae esses thaws oes 1024-word by 1-bit 

@ Address Access Time .......eceeer ec cecceeces 10ns (max) (DG-16A) 
@ Chip Select Access Time ......... eee e eee eeeeee 5ns (max.) HM100415CC 

@ Power Consumption ..........0.000 eee eee 0.6mW/bit (typ) 

@ Output Obtainable by Wired-OR (open emitter) 

®@ Compatible with Fairchild F 100415. 


MTRUTH TABLE 


Input 
Mode 
WE [om 


cs 


Sr aston Nainital eae 
@®HM100415 


MBLOCK DIAGRAM 


Word Drivers 


Decoder 


X Address 


© Dout 


As As Ar As As 


(Top View) 
M@ ABSOLUTE MAXIMUM RATINGS (Ta=25C ) @HM100415CC 


errr on er ee 
Storage Tempe: ature °C 
Storage Temperature T.t,(Bias)* °C 


%* Under Bias 


Din Vcc NC Dout A 
(Top View) 
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HM100415,HM100415CC 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—4.5V, Rr=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


=ees | ese [ao | av 

Output Voltage 
j= | - [| =| 9 

Output Threshold Voltage 

| P= | = | 160 | av 
Vin Guaranteed Input Voltage — 1165 | = | = 880 | mV 

Input Voltage 
Viz High/Low for All Inputs ~ 1810 — 1475 mV 
: a ee es 
Supply Current All Inputs and Outputs Open | 200 | -150 | — | mA 


@AC CHARACTERISTICS (Ves =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 


1. READ MODE 
Chip Select Access Time ee ee ns 
Chip Select Recovery Time PF o= | 3 fos ns 
Address Access Time | tan | 10 ns 
2. WRITE MODE 


ns 


Write Pulse Width 
Data Setup Time ns 
Data Hold Time 


ns 


Address Setup Time ns 


Address Hold Time 


team tns 
pews 
ns 
Chip Select Setup Time twscs ns 
Chip Select Hold Time twucs ns 
ns 


Write Disable Time 


ns 


Write Recovery Time 


3. RISE/FALL TIME 


Cys 


typ 


Output Rise Time 


Output Fall Time 


4. CAPACITANCE 


t 


Input Capacitance 


“< 
a] 


Output Capacitance 
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MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 
0) Vcc(GND) 


Ri=50Q 
Ci=30pF (includes 
probe and jig 


capacitance) 


4. WRITE MODE 


cS 50%, 


Address 50%, 


HM100415,HM100415CC 


2. INPUT PULSE 


-0.9V 


-1.7V 


te =ty=2.0ns typ 


Address 50% 


taa 


Dout . 50% 
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HM100422,HM100422F 
HM100422CC 


256-word x 4-bit Fully Decoded Random Access Memory | HM100422 
The HM100422 is ECL 100K compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and control/buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild’s F 100422. 


M FEATURES 

@ 256-word x 4-bit organization 

Fully compatible with 100K ECL level 
Address access time: 10ns (max.) 

Minimum write pulse width: 6ns (min.) 

Low power dissipation: 0.8mW/bit 

Output obtainable by wired-OR (open emitter) 


HM100422CC 


MTRUTH TABLE 


Input 
a Mode 
BS WE | Din | MPIN ARRANGEMENT 
H x Not Selected @®HM100422 


Notes) X : Irrelevant 
* : Read Out Noninvert 


HMBLOCK DIAGRAM As As Ar 


Y-Decoder/Driver 


(Top View) 


@®HM100422F 


AzoAt Ao hee Ar Xe 


Ao O 
Memory Cell Array 


{ 
Ai o 256 Words X4 Bits 


Az © 


ra 
a 
= 
u 
Q 
~ 
3 
17) 
wy 
Q 
’ 
~< 


(Top View) 


@®HM100422CC 


A Ae Veg __ Ar 


Block 2 Block 3 Block 4 
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HM100422,HM100422F,HM100422CC 


M@ ABSOLUTE MAXIMUM RATINGS (Ta=25C ) 


Item Symbol Rating Unit 


Output Current [a ee mA 
Storage Temperature °c 


Storage Temperature Tste (Bias )* —55 to +125 °C 


* Under Bias 


M ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—4.5V, Ri =500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


eee ee 
Item Symbol Test Condition min (B) Unit 
Vou — 1025 — 955 — 880 mV 

a ren | = 1025 | 955 | 


Output Voltage 


Won 1810 | -1715 | —1620 | mV 
Vouc — 1035 mV 
Output Threshold Voltage eee Vin= Vine or Vita ee ae! 
Von | | —1610 | mV 
Vin Guaranteed Input Voltage — 1165 — 880 mV 
Input Voltage —— - 
Viz High/Low for All Inputs — 1810 — 1475 mV 
a eve aa 320 | HA 
Input Current BS 170 
Tit Vin = Vive a KA 
Others — 50 7 


Supply Current All Inputs and Outputs Open 


Pie 


@AC CHARACTERISTICS (Vez =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 


Block Select Access Time To - | - | 5 | ns 
Block Select Recovery Time Po - | -— [| 8 | ns 
Address Access Time LAA ns 


2. WRITE MODE 


Item Test Condition typ 
Write Pulse Width | tw | twsa=2ns 4.5 


ae a 
Data Setup Time twsp | = | ns 
Data Hold Time | | ns 
Address Setup Time iw=6ns | | ns 
Address Hold Time | — | ns 
Block Select Setup Time twsBs ns 
Block Select Hold Time twues ns 
Write Disable Time | tws | ns 
Write Recovery Time | tw. | ns 


2. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 
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HM100422,HM100422F,HM100422CC 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 
O Vec (GND) 


ae Rr =50Q 


Ci. =30pF( includes 
probe and jig 
capacitance) 


4. WRITE MODE 


Din 


WE 


Dror 


twas 


2. INPUT PULSE 


-0.9V ———— 


| | 

| | 
—1.7V | | 
| 
poo — 


ty ty 


t-=t)™2.0ns typ 


Address 
| ( 
| 


pt 44» 


| 
| 
Dout x 
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HM1004770 


4096-word<1-bit Fully Decoded Random Access Memory 
The HM100470 is a 4096-words x 1-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM100470 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
Proved noise margin. This device is encapsulated in cerdip-18pin 
package, compatible with Fairchild’s F 100470. 


M@ FEATURES 

@ 4096-word x 1-bit organization 

@ Full compatible with 100K ECL level 
@ Address access time: 25ns(max) 
@ Write pulse width: 25ns (min) MPIN ARRANGEMENT 
@ Output obtainable by wired-OR (open emitter) 
MTRUTH TABLE 


Input 
Mode 


Not Selected 


ee ee 


Notes) X : Irrelevant 
* > Read Out Nonivert 


MBLOCK DIAGRAM 


(Top View) 


64 X64 
Memory Cell 


od 
a 
z 
uv 
» 
= 


Array 


+ >» O Dout 
Sense Amp and ae: Ca { 0 CS 


Write Drivers 


@: 
Y Address 
Decoder 


Word Driver 


“ 
7) 
v 
re 

~~ 

a>) 
< 
=< 


O Din 


Ao O 


c as “ 2 


M ABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 


Item Rating Unit 
Storage Temperature 
Storage Temperature T.t,(Bias)* 


* Under Bias 


si dclBlele- 


@ HITACHI 345 


HM100470 


MELECTRICAL CHARACTERISTICS 
@®DC CHARACTERISTICS (Vez =—4.5V, Ri=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


~ 1025 — 880 mV 
1810 | —1715 | —1620 | mV 


3 
& 
x 


Output Voltage 


Output Threshold Voltage 


Vin Guaranteed Input Voltage —1165 | — | 880 | mV 
Input Voltage 
Vie High/Low for All Inputs — 1810 le — 1475 mV 


a 
—N 
ale 
~) 
i) 


Input Current 


un MA 
sas ST 
Supply Current Tee All Inputs and Outputs Open = mA 


@AC CHARACTERISTICS (Vez =—4.5V +5%, Ta=0 to +85C, air flow exceeding 2m/sec) 


1. READ MODE 


Test Condition 


Chip Select Access Time 


Chip Select Recovery Time 


Address Access Time 


2. WRITE MODE 
Item Test Condition 
Write Pulse Width was = 3ns 


tw 
Data Setup Time 
Data Hold Time 
Address Setup Time tw = fw min 


Address Hold Time 
Chip Select Setup Time twscs 

Chip Select Hold Time 
Write Disable Time 


3. RISE/FALL TIME 


Test Condition 
Output Rise Time 


Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 
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HM100470 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


T est Circuit 
C) Vcc(GND) 


-0.9V 


—1.7V 


te =ty=2.0ns typ 
O 
0.01uF Vee —2.0V Ri =502 
a Ci=30pF (includes 
probe and jig 
Capacitance) 
3. READ MODE 
Address 50% 
taa 
Dout 50% 


4. WRITE MODE 


aS a 
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HM100474,HM100474-15 
HM100474F,HM100474F-15 


1024-word x 4-bit Fully Decoded Random Access Memory 
The HM100474 is a 1024-words x 4-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control/buffer storages. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100474 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-24-pin and 
flat 24pin package, compatible with Fairchild’s F 100474. 


HM100474, HM100474-15 


(DG-24A) 


M@ FEATURES aa a 
® 1024-word x 4-bit organization i a 


@ Fully compatible with 100K ECL level 

@ Address access time: HM100474/F 25ns(max) 
HM100474/F-15 15ns(max) 

@ Write pulse width: HM100474/F 25ns(min) 
HM100474/F-15 20ns(min) 

® Output obtainble by wired-OR (open emitter) 


MTRUTH TABLE 


Mode 
cs WE se] om M@ PIN ARRANGEMENT 
a ee ee 


x L Not Selected @HM1 00474,HM1 00474-15 


Notes) X : Irrelevant 
* > Read Out Nonivert 


MBLOCK DIAGRAM ar 


Y~-Decoder/ Driver 


Memory Cell Array 
1024Words x 4 Bits 


he 
ev 
i= 
he 
(=) 
™ 
fee 
oe 
8 
a 
| 
< 


(Top View) 


@®HM100474F, HM100474F-15 


Ag sAs Ar Vee As NC 


Dh 

D 

Dk o 
D 

Dis 
DO; 
Die o 
DO. 


M ABSOLUTE MAXIMUM RATINGS (Ta=25C ) 


Output Current ae ao mA 
Storage Temperature —65 to +150 E & 
Storage Temperature —55 to +125 2G 


‘ : 
Under Bias DO: DO2 Vee Veca DOs DOc 
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HM100474,HM100474-15,HM100474F,HM100474F-15 


M ELECTRICAL CHARACTERISTICS 


@DC CHARACTERISTICS (Vez =—4.5V, R.=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


Vou — 1025 — 880 
Output Voltage Vin=Vina or Vizs ier ec 
Vou —1810 - 1715 — 1620 
p= | -| =| 
Output Threshold Voltage Vin=Vins or Vita 
Vin Guaranteed Input Voltage —1165 | | 880 | 
Input Voltage 
Vin High/Low for All Inputs | 110 | — | — 1475 
a 
Input Current cs 0s] | 170 
Tir 
fone |e | =P 
Supply Current All Inputs and Outputs Open | -200 | -165 |  —| 


@AC CHARACTERISTICS (Ves =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 


1. READ MODE 
; 
Item Test Condition | min | typ | max | 
Chip Select Access Time fF - | - | | 
Chip Select Recovery Time | - | - | w | 
Address Access Time baa Fo = | 5] 8 | 
2. WRITE MODE 
Item Symbol Test Condition ee 


o 
<< 
no) 


Write Pulse Width 


Data Setup Time =a 


Address Hold Time a ae oe 

Chip Select Setup Time Ace ees 

Chip Select Hold Time eae ee ee 
fs Ses ee ee 


~ 
= 
“ 
> 

q 
w 
3 
n 
iw) 


Write Disable Time WS 


Write Recovery Time twr 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 


Unit 
mV 
mV 
mV 
mV 
mV 
mV 
KA 


KA 


mA 


Unit 


ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 
ns 


ns 
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HM100474,HM100474-15,HM100474F,HM100474F-15 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 


© Vcc(GND) 


R y 
: | tr=ty=2.5ns 


O 
Vex —2.0V Ri =50Q 
C.i=30pF( includes 


probe and jig 
capacitance) 


Address 50% 


a 


Dout 50% 


4. WRITE MODE 


cs 50% 50% 


Address 


Dout 
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Address Access Time taa (ns) Supply Current fee (mA) 


Chip Select Access Time tacs (ns) 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C: 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Ambient Temperature 7a (‘C) 


HM100474,HM100474-15,HM100474F,HM100474F-15 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


Supply Current Jee (mA) 


Supply Voltage Vee (V) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 


Address Access Time taa (ns) 


Supply Voltage Vee (V) 


CHIP SELECT AGCESS TIME 
vs. SUPPLY VOLTAGE 


Chip Select Access Time tacs (ns) 


Supply Voltage Vee (V) 
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HM100474,HM100474-15,HM100474F,HM100474F-15 


WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Write Pulse Width tw (ns) 
Write Pulse Width tw (ns) 


Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
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- MEMORY SUPPORT CIRCUITS 


@ HITACHI 369 


HD2912 


Quadruple TTL-to-MOS Clock Drivers 

The HD2912, a clock driver for the MOS memory, has basically the 
NAND function. Its input is a TTL level and its output becomes and 
N MOS clock input level. It operates on two power supplies — Vcc 
(5V) and Vpp (12V). It anticipates taking as its load a maximum of 
ten units of 4K-bit N MOS memories and can drive a load capacity 
of 400 pF at high speed. 


TTL-MOS level converter circuit 
Switching time: 50 ns (max.) 

Load capacity drivable: 600pF 
Mounted with 4 circuits 
Applicable temperature: 0 to 70°C 


MABSOLUTE MAXIMUM RATINGS m@ PIN ARRANGEMENT 
HD2912 Unit 


~_ 
o 
< 


Item Symbol 


Vec* 
Supply Voltage 


18.0 V G 
Load Capacitance C.** 600 pF oy 
Power Dissipation Prsts 800 mW By 
Operating Temperature °C " 

Storage Temperature —65 to +150 °C 
* With respect GND A; 

* * per circuit 

* * ® per package Y; 
Mi RECOMMENDED OPERATING CONDITIONS a 


Supply Voltage aa 


Operating Temperature 


Topi 
Load Capacitance 


Damping Resistance 


MI ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V £5%, Voo=12V +5%) 


Se oe eee 
i ae =2 [| -32 [mA 

I 1 | mA 

Power Supply Current a ae —=| 4} ~ 


* Vec=5V, Voo=12V 
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HD2912 


MSWITCHING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V, Voo=12V) 


i [Sra [Test Conlon (| mie [oe 

Rising Delay Time 
Falling Delay Time 
Rise Time 
Fall Time 


@TEST CIRCUIT AND WAVEFORMS 


Unit 


C.=300pF 
Ro=00 


te =250NnS, lexcie =350ns,t) =t, =10tIns 


FALLING DELAY TIME vs. RISING DELAY TIME vs. 
LOAD CAPACITANCE (1) LOAD CAPACITANCE (2) 


40 


iF 


—— aD 


30 2 

eee 
aS? abe ee 
P 2S eee eee 
anette 
TT ee 
ee eae rete 


0 100 200 300 400 500 600 


Rising Delay Time toy (ns) 


Falling Delay Time tox 
Nh 
° 


10 


Load Capacitance Cz (pF) 


RISE TIME AND RISING DELAY TIME FALL TIME AND FALLING DELAY TIME 
vs. AMBIENT TEMPERATURE vs. AMBIENT TEMPERATURE 


) 


tDHL,CTHL (ns 
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HD2912 


SWITCHING TIME vs. SWITCHING TIME vs. 
SUPPLY VOLTAGE (1) SUPPLY VOLTAGE (2) 


Switching Time (ns) 


Switching Time ins) 


ioe CL = 300pF 
Vov =12V Veco =5V 
Ta= 25°C Ta= 25°C 
Ky, =0Q Ri, =02 
10.5 11.0 11.5 12.0 12.5 13.0 43.5 
Supply Voltage Veco ‘V: Supply Voltage Vao (V3 
POWER DISSIPATION MITEMS REQUIRING CARE WHEN USING 
vs. CYCLE TIME THE HD2912 


When measuring or mounting the HD2912, consider 

the following. 

1. At the time of ’’H’’ level output, if a short circuit 
occurs between the output terminal and the 
other terminal (the GND terminal or input 
terminal), the element will breakdown. 

2. When measuring the input/output characteristic 
of the circuit, do not place the input level in the 
vicinity: of the threshold voltage (about 1.5V) for 
more than 10 seconds. If this caution is neg- 
lected, the element may breakdown. 

3. If its load capacity is less than a certain value 
(100pF), sometimes this element cannot fully 

Cig red Mine legate SS? provide its function. Take note of this fact when 
designing a system. 

4. When mounting this element, it is recommended 
providing the output terminal with a damping 
resistor (Rp) or a diode terminating circuit. 


Power Dissipation Pr (mW) 


Von 
@ 


Clock Driver 
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Quadruple TTL-to-NMOS Clock Drivers 

The HD2916, a clock driver for the MOS memory, basically 
possesses a NAND function. Its Input is a TTL level and its output 
becomes N MOS clock input level. It operates on two power supplies 
— Vcc (5V) and Vpp (12V). Assuming that a maximum of five 
units of 4K-bit N MOS memories may be connected, it is designed to 
drive a load capacity of 200pF at high speeds. 


M FEATURES 

TTL-MOS level converter 

Switching time: 50 ns (max.) 

Average power consumption: 600mW (max.) 
Load capacity drivable: 300pF 

Mounted with 4 circuits 

Applicable temperature: 10 to 65 C @ PIN ARRANGEMENT 


M ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 
Input Terminal Voltage Vin* V 
Output Load Capacitance fo cite {300 pF 
Power Dissipation Petts 700 mW 


0 to +70 °C 
—50 to +150 


Operating Temperature Topr 


a 


Storage Temperature Tig 


* With respect to GND 
* * Per circuit 
*** Per package 


(Top View) 
M RECOMMENDED OPERATING CONDITION 


Supply Voltage 


Operating Temperature 


Input Voltage Level 


MELECTRICAL CHARACTERISTICS (Ta=10 to 55°C, Vec=5V +5%, Voo=12V +5%) 


item Symbol [Test Condition [min | op? 
Ct 
wa ee 

estav eee 


jefe 


p* 
Vin=2 OV, ToL=504A 


aT 

Ti 

iT 

Viva 

Output Voltage re 
a es ES 

Supply Current a poe oP 


C.=300pF, f=1MHz 
tw=0.5yus, one circuit operation 


ac) 
> 


Average Power Dissipation 


3/2 e/a 8 |_|_/2IE/B(E/S 


* Veco=5V, Vooml2V 


@ HITACHI 373 


HD2916 


MSWITCHING CHARACTERISTICS (Ta=10 to 55°C, Vec=5V +5%, Voo=12V +5%) 


f=1MHz 


@®TEST CIRCUIT & WAVEFORMS 


Output Delay Time 


tw=0.5us 


Output 


Var 
f= 1MH2z,t. =S00ns,t rin = trac = 10nst Ins 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs. LOAD CAPACITANCE vs. AMBIENT TEMPERATURE 


Ld 
a 


(ns) 


Propagation Delay Time toni. tpoLH 
Propagation Delay Time tozw 


Ambient Temperature 7Ta(‘C° 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE 


) 
= 
oO 


suuseeeeeees 
CEE EEE 


0 
10.5 11.0 11.5 12.0 12.5 13.0 13.5 


20 


10 


Propagation Delay Time tozw, toate (nsi 
Propagation Detay Time tozw. tow (ns 


Supply Voltage Vcc (V) Supply Voltage Vpn (V) 
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Power Dissipation Pr (mW) 


POWER DISSIPATION 
vs. CYCLE TIME 


Duty Cycle 50% 
One circuit 
Operation 


Cycle Time tcycte (us) 


HD2916 


MITEMS REQUIRING CARE WHEN USING 
THE HD2916 

When measuring or mounting the HD2916, consider 

the following: 

1. At the time of “H’’ level output, if a short circuit 
occurs between the output terminal and the 
other terminal (the GND terminal or input 
terminal), the element will breakdown. 

2. When measuring the input/output characteristic 
of the circuit, do not place the input level in the 
vicinity of the threshold voltage (about 1.5V) for 
more than 10 seconds. If this caution is neg- 
lected, the element may breakdown. 
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Quadruple ECL to TTL Drivers 

The HD2923 is a monolithic, high speed Quadruple ECL to TTL 
Driver which accepts ECL input signals. It provides high output 
current suitable for driving the TTL clock inputs or other address 
multiplexing inputs of N-channel MOS memories such as_ the 
HM4816A of MK4116.Power supply requirements are ground, +5.0 
Volts and —5.2 Volts. The HD2923 requires no particular power 
supply sequencing in order to assure standby mode of memories, 
because the outputs are always “high” at applying the power. 
Propagation delay is 10ns MAX. 

The HD2923 is fabricated by means of HITACHI’s Schottky Bipolar 
technology to assure high performance over the OC to 75°C 
ambient temperature range. 


MFEATURES 

@ High Speed ....... tod = 10ns MAX. (50% to 2.2V dc out or to 
+1.0V dc out, 200pF Load) 

® LOW POWE?o54 o's orcas hoe Oe were does 250mW typ. (DC) 

@ 10K ECL Compatible Inputs 

@ Pin Compatibility .................. MC10125 or HD10125 


M ABSOLUTE MAXIMUM RATINGS 


Item Symbol Value Unit 
Vec = 025 to. 7 V 

Supply Voltage 
Ver 7, t0 005 Vv 
Power Dissipation Pe 1.0 W 
Operating Temperature* Tape —10 to +85 “Cc 
Storage Temperature C 


%* under bias 


M RECOMMENDED OPERATING CONDITIONS 


Item min typ max Unit 


Supply Voltage 


Input Voltage 


Ba pee 
~ ios 
| | 
& | 
| 

Tei 

on 

“ bd 

on Oo 

Guacen = 


Operating Temperature 


376 © HITACHI 


{(DG-16A; 


M@ PIN ARRANGEMENT 


(Top View! 


The Vues reference voltage is available 
on pin 1 for use in single ended input 
biasing 


M@ TRUTH TABLE 
I 


nput Output 


MDC CHARACTERISTICS 


Item 


Power Supply Drain Current 


Input Current Vin=—0.81V 
Input Leakage Current Vin=—5.2V 
Output Voltage 

Y= LAV, Fov= 10m 
Threshold Voltage 

Yum —LABV, To1=8.0mA cs 
Indeterminate Input " All inputs = Vee 
Protection Tests =~ All inputs = Open 


Vine=0.300V, Vinc=—0.825V 


Vina=—1.890V, Vinc=—2.890V 


Common Mode Rejection Tests 
Vinv=0.300V, Vive= —0.825V po 
Voic : 


Vine = —1.890V, Vinc= —2.890V 


—1.150 


— 
i) 


- 
< 
ao] 


MAC CHARACTERISTICS 


tor 50% to +2.2V, C.=200pF 
tor 50% to +1.0V, C.=200pF 


Rise Time +1.0V to +2.2V, C.=200pF 
Fall ‘Time Loe | +2.2V to +1.0V, C.=200pF 


Propagation Delay Time 


i 
So 


Vin 


Vour 
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Unit 


Unit 
ns 
ns 
ns 


ns 
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